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ABSTRACT 
Marie Patane Curtis: Integrating Alternative Fuels in the North Carolina Transportation Sector 
(Under the direction of Richard Andrews and Nikhil Kaza) 
 Displacing diesel and gasoline with electricity and compressed natural gas is a strategy to 
increase energy security, reduce greenhouse gas (GHG) emissions, and improve air quality in 
North Carolina. The energy capacity of renewable electricity (solar, offshore wind, hydropower, 
and biomass) and renewable natural gas (methane collected from landfills, wastewater treatment 
plants, and concentrated animal farm operations) in North Carolina is estimated at the county 
level. Solar dominates at 90 percent of the total renewable energy potential with viable resources 
located primarily in central North Carolina. The Department of Energy’s Alternative Fuel Life-
Cycle Environmental and Economic Transportation (AFLEET) tool is used to calculate the 
petroleum use, GHG emissions, and air pollutants up to 2030. Despite improvements in fuel 
efficiency and emission control technologies, light-duty plug-in hybrid electric vehicles 
outperform their gasoline and diesel counterparts in air pollutant reductions. However, 
recommendations for heavy-duty fuels are dependent on goals and priorities. 
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CHAPTER 1: INTRODUCTION 
 The political debate surrounding global warming and anthropogenic climate change is 
highly contentious. However, there is little debate as to the merits of utilizing local assets to 
maximize limited state resources. This study will demonstrate that displacing imported gasoline 
and diesel fuel in North Carolina with locally-sourced renewable electricity (RE) and renewable 
natural gas (RNG)
1
 can result in an annual reduction in petroleum use by 20-40 percent and an 
annual reduction of transportation greenhouse gas (GHG) emissions by 10-36 percent by 2030. 
The magnitude of the reduction depends on the degree of petroleum displacement. Potential 
benefits of such displacement could include local climate change mitigation, increased energy 
security, and improved air quality.  
 The transportation sector accounted for 28 percent of the GHG emissions released in 
North Carolina in 2011 (EPA 2013d). In addition to vehicles, potential RNG sources such as 
landfills, concentrated animal farm operations, and wastewater treatment plants in North 
Carolina can emit large quantities of methane, a potent GHG. GHG emissions absorb heat in the 
atmosphere which can raise the overall temperature of the Earth. The effect of GHGs on global 
warming depends on the concentration of gas in the atmosphere, the duration of time the gas 
remains in the atmosphere, and how well it absorbs heat
2
. Global temperature changes can
                                                 
1
 This study is limited to electricity and natural gas to examine the impact of conventional and renewable sources. 
Consequently, other alternatives such as propane, hydrogen, biodiesel, and ethanol are not considered. 
2
 Methane is efficient at trapping radiation. Over a 100-year period it has approximately 21 times the impact of CO2 
over the same mass. Although methane remains in the atmosphere for only 12 years, during a 20-year period its 
effect can be 72 times that of CO2, which has a smaller effect over a longer period of time (IPCC 2007). 
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 manifest as regional climate changes and extreme weather events. Since 2003, Federal  
Emergency Management Agency (FEMA) has declared 13 major weather-related disasters in 
North Carolina and five emergency declarations for hurricanes Katrina (2005), Ophelia (2005), 
Earl (2010), and Irene (2011) (FEMA 2014). Although global warming is an international 
phenomenon, minimizing GHG emissions at the state level may contribute to mitigating the 
cause of extreme weather in North Carolina. 
 Weather-related disruptions in imported energy supply can severely impact daily 
operations. North Carolina is one of the most energy-insecure states in the U.S., as it relies 
heavily on energy imports from other states and foreign sources. In 2011, it produced only 22 
percent of the total energy that it consumed. Of that total energy, the transportation sector 
consumed 27.5 percent in 2012 (EIA 2013). Instability in the Middle East, a major source of 
petroleum, can cause fuel prices to increase substantially. Conventional and shale natural gas, 
which is refined in the Gulf Coast and delivered to North Carolina via the interstate pipeline, has 
a similar effect. Power outages in North Carolina have resulted in a loss of electricity to fuel 
pumps in fuel storage facilities, interstate pipelines, and local retail gas stations. In general, 27 
percent of power disruptions are due to weather-related events (Eaton 2013). During the 2005 
and 2008 hurricane season, North Carolina was impacted by severe fuel shortages and price 
gouging (Lippert et al. 2009; Burnsed 2008). Transitioning to intrastate renewable transportation 
fuels can reduce the risk of energy disruptions due to political instability in foreign nations or 
delivery delays due to pump failures in the interstate pipelines.  
 Although extreme weather and fuel availability are important issues that are realized 
under specific conditions with potentially devastating consequences, air pollutants and their 
corresponding health effects on the residents of North Carolina are constant and pervasive. 
3 
 
Vehicles release air pollutants such as carbon monoxide (CO), mono-nitrogen oxides (NOX), 
particulate matter (PM)
3
, and volatile organic compounds (VOC) during operation. These 
pollutants can cause detrimental health effects in humans. Inhaling CO can reduce oxygen 
delivery to organs. In high concentrations it can even cause death. PM10 and PM2.5 can cause 
both lung and heart issues. In high temperatures, VOCs react with NOX to create ozone. Inhaling 
NOX and ground-level ozone can lead to respiratory problems. “Parts of the South that currently 
have about 60 days per year with temperatures over 90°F are projected to experience 150 or 
more days a year above 90°F by the end of this century”(Karl et al. 2009). As temperatures and 
air pollutants continue to rise, detrimental health effects are expected to increase. Treating these 
medical conditions can be costly. For example, in 2011, there were more than 10,100 hospital 
admissions for asthma in North Carolina, costing at least $13,600 per stay (White House 2014).  
 The source and type of transportation fuel has a significant impact on the environment, 
security, and health of a state. This study aims to brief policy makers and government officials 
with a comparison of the consequences of these transportation fuel options so that they may 
make informed decisions regarding the deployment of long term energy and transportation 
infrastructure in North Carolina. 
 
                                                 
3
 PM that is less than 2.5 micrometers is referred to as PM2.5. PM that is greater than 2.5 and less than 10 
micrometers is referred to as PM10. 
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CHAPTER 2: LITERATURE REVIEW 
Conventional Electricity and Natural Gas Sources 
 Conventional electricity and natural gas resources are imported into North Carolina. 
These quantities are well-documented by the Department of Energy (DOE). The Energy 
Information Administration (EIA), an agency of the DOE, releases data that is updated annually 
and available to the public (EIA 2014b; EIA 2012). Additionally, the North Carolina Utilities 
Commission (NCUC) publishes annual reports of electricity consumption and generation for 
each electrical utility operating in the state (NCUC 2013b).  
Renewable Electricity Inventory 
 The scope of RE includes medium to large-scale solar, biomass, offshore wind, and 
hydroelectric power. The EPA CHP Partnership (2007) report discusses national biomass 
resources and provides the supply cost and energy per pound of each biomass type. Galik et al. 
(2009) conducts a regional cost supply analysis of forest residues in North Carolina, South 
Carolina, and Virginia and provides an overall energy potential for North Carolina, but does not 
provide the information by county. Wiltsee (1998) provides an inventory of urban wood waste 
for Fayetteville, North Carolina and estimates that only 21 percent of available resources can be 
used as feedstock. The National Renewable Energy Laboratory (NREL) map is an inventory of 
urban wood waste and forest, crop, and primary mill residue by county for North Carolina. This 
map, used in conjunction with the EPA CHP Partnership (2007) report, is used to estimate the 
biomass energy resources by county in North Carolina. 
5 
 
 North Carolina has significant solar energy resources and solar technology adoption is 
increasing within the state. According to the OpenPV Project, North Carolina ranks 14 for 
installed PV system capacity (NREL 2014). NCUC has published several reports detailing 
availability of solar generation available for consumption. However, these estimates are based on 
deployed technology, not on maximized solar energy resources. Similar to biomass, NREL 
published a map of solar resources by county for North Carolina. However, this map does not 
take existing infrastructure (i.e. highways, railroads, urban centers, military bases, etc.), natural 
obstacles (i.e. forests, water features, etc.), and protected areas (i.e. conservation areas, regulated 
areas, etc.) into account. There is very little work on the solar power potential based on land use 
and insolation data. McLaren (2011) provides an assessment of the full potential of solar power 
in North Carolina, but does not provide calculation details.  
 In recent years large-scale wind installations have been proposed in both onshore and 
offshore applications. However, there are no large-scale wind generation systems operating in 
North Carolina. Regional, state, and county wind speed maps are available and can be used to 
determine the energy capacity and feasibility of wind power in North Carolina (NREL 2013; 
NOAA 2014; Appalachian State University 2014). However, siting issues and local regulations 
can prevent deployment. Instead, the capacity of offshore wind as detailed in the report, 
Assessment of Offshore Wind Energy Resources for the United States, is considered as the only 
viable source of wind energy in North Carolina (Schwartz et al. 2010). 
 Sandt and Doyle (2013) study the potential of micro-hydropower installations in the 
Piedmont river systems. Their results indicate that these systems were not financially feasible to 
operate publicly-owned facilities. This is primarily due to a lack of local knowledge pertaining to 
FERC permitting and licensing regulations to operate a privately-owned facility. Haas et al. 
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(2011) identifies sites along the North Carolina coast that may theoretically produce 66 MW 
from tidal streams. However, technology for commercial-sized tidal energy generation is still 
under development and considered financially prohibitive. The EIA publishes recent 
hydroelectric power production data which are used in this analysis. 
Renewable Natural Gas Inventory 
 RNG includes methane capture from landfills, concentrated animal farm operations 
(CAFOs), and wastewater treatment plants (WWTPs). Methane capture to produce RNG for 
transportation is not an active application in North Carolina. However, this technology is applied 
in California and Georgia (Cardwell 2013; Harlow 2012). 
 The Landfill Methane Outreach Program (LMOP) is a voluntary network that provides 
access to landfill and industry data (EPA 2013b). Academic literature focuses on scientific field 
measurements to determine the rate of methane production (Bogner et al. 1995; Spokas et al. 
2006). Peer et al. (1993) compares methods for estimating global methane emissions
4
. Themelis 
and Ulloa (2007) use revised methane emission rates to estimate the total methane potential in 
the United States
5
. Cooley et al. (2013) provides the annual heat energy (MMbtu/year) and the 
costs of landfill methane collection systems in North Carolina, the calculation details are not 
included
6
. This study will provide an estimate of transportation energy by county based on the 
potential and candidate landfills identified by the LMOP.   
 WWTPs and concentrated animal feeding operations (CAFOs) can utilize anaerobic 
digestion to produce methane to convert to natural gas. The academic literature for WWTPs 
                                                 
4
 This study concludes that models (especially those that used U.S. data as inputs) overestimate global landfill 
methane emissions and recommends calibrating the models with data from landfills located in other countries. 
5
 The amount of captured landfill methane gas could theoretically increase by three times the estimated amount. 
6
 Based on the list of inputs of the LandGEM model, system losses are not taken into account. 
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focuses on the effectiveness of various technologies used to produce methane (Cakir and 
Stenstrom 2005; Ting and Lee 2007; Keller and Hartley 2003). El-Fadel and Massoud (2001) 
discuss the methods used to estimate methane emissions from WWTPs. Industry reports 
regarding system costs in the U.S. are scarce because there are few facilities that deploy this 
technology. Wong (2011) compares the economic feasibility of WWTP to energy systems of 
varying capacities in Massachusetts. In some cases, total system costs are provided, but a 
breakdown of the costs of the system components is not provided. Similarly, Mes et al. (2003)
7
 
provides the total investment of six operational WWTPs in Europe. This analysis estimates the 
energy potential of WWTPs in North Carolina based on the permitted design capacity of 
operational facilities.  
 Based on their energy calculations, Darmawan Prasodjo et al. (2013) conclude that 
deploying methane capture systems in only 127 of the swine farms out of the 2,700 permitted 
CAFOs currently in operation would meet the North Carolina Renewable Energy and Energy 
Efficiency Portfolio Standards mandate. It also compares the economic feasibility of deploying a 
decentralized system for electricity generation versus a centralized fuel-delivery system that 
injects CNG into the existing interstate pipeline. Detrimental emissions and water quality 
impacts due to CAFOs in North Carolina have been discussed by Blunden et al. (2005), 
Schiffman et al. (2001), and Sharpe et al. (2002). Managing animal waste by deploying a 
methane capture system would improve water quality and air emissions. However, these effects 
of methane production are not within the scope of this study.   
 Industry reporting on the deployment of anaerobic digestion technology in North 
Carolina is sparse because there are only six operational systems in the state. AgSTAR’s self-
                                                 
7
 Estimates include digesters, storage, transport vehicles and CHP units. 
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reporting database estimates that there are only 202 anaerobic digesters operating on commercial 
farms in the U.S. (EPA 2013c).  On June 2013, Cavanaugh & Associates presented a case study 
at the AgSTAR National Conference of Loyd Ray Farms as the first swine waste-to-energy 
system in North Carolina to submit renewable energy credits (RECs) to the NCUC, the first 
transfer of RECs from a swine farm to Duke Energy, and the first innovative swine waste 
treatment system to utilize a digester (Simmons 2013). Generally, there is no estimate for the 
total energy potential of animal waste produced in North Carolina CAFOs by county. This report 
will provide that estimate based on the facilities permitted in 2013. 
Energy Security 
In recent years extreme weather has severely disrupted the power supply in disaster-prone areas. 
Without electricity, the pumps at pipeline transfer stations no longer function and transportation 
fuel cannot be distributed to retailers. Similarly, the pumps at retail fueling stations can no longer 
distribute fuel to paying customers without electricity. In 2009, National Association of State 
Energy Officials (NASEO) funded the creation of state and local energy assurance and 
emergency preparedness plans. These plans emphasize a diversification of transportation fuels to 
mitigate any interruption of the petroleum supply chain. Twenty-nine of the 39 state energy plans 
reviewed by NASEO have goals to develop alternative transportation fuels (NASEO 2013).   
Greenhouse Gas Emissions 
In 2007, the Center for Climate Strategies (CCS) completed a GHG inventory for North Carolina 
for 1990-2020. Figure 2.1 illustrates the GHG emissions related to transportation. The CCS 
calculations indicate an upward trend of transportation emissions. However, the calculations 
were completed prior to the Great Recession of 2008. A struggling economy may have led to a 
reduction in annual vehicle miles travelled and thus, a reduction in transportation emissions 
9 
 
(Sommeiller and Price 2014). The EPA State Inventory Tool (SIT) provides emission 
calculations for methane and N2O only
8
. However, the SIT does indicate a decrease in emissions 
similar to the results of the AFLEET model. This study will provide an additional point of 
comparison to the 2007 projections. 
Figure 2.1 A Comparison of GHG Calculation Models (CCS 2007; ANL 2013; EPA 2014) 
 
* GHG values include pump-to-wheels N2O and CH4 emissions only. 
Air Pollutants  
 The connection between transportation fuel and air pollutants is widely accepted by the 
scientific community, government agencies, industry, and academia. All vehicles sold within the 
U.S. must undergo emissions testing to demonstrate compliance with federal standards. Attempts 
to compare emissions of gasoline, diesel, and CNG vehicles are also extensively studied in 
academic literature. Schauer et al. (2002) quantifies air pollutants in tailpipe emissions from 
light-duty passenger cars and trucks. Miguel et al. (1998) compares the air pollutant emissions of 
                                                 
8
 The inputs used in the AFLEET model were used to calculate the GHG emissions of the EPA’s SIT model (mobile 
combustion module). 
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light-duty gasoline vehicles and light- and heavy-duty diesel vehicles. Ayala, A. et al. (2002) 
compares the air pollutant emissions of diesel and CNG transit buses over varying driving 
cycles. Wang and Huang (2001) compare the emissions of various natural gas-based fuels in 
different vehicle technologies. Furthermore, there are many mathematical models that are used to 
calculate petroleum consumption, greenhouse gas emissions, and air pollutants for various fuel 
types and vehicle technologies. 
Emission Calculation Tools 
 There are several tools that compare the economic and environmental costs and benefits 
of the various alternative fuels for light-, medium- and heavy-duty (HD) fleet vehicles. Weigel et 
al. (2010) compares various inventory and life-cycle analysis fleet calculators and concludes that 
“no single calculator contains all information needed by transit agencies to develop a truly 
comprehensive, life cycle-based accounting of the emissions produced by vehicle fleet 
operations and for a wide range of vehicle and fuel technology options.” The MIT Emissions 
Prediction and Policy Analysis Version 5 (EPPA5) examines the interdependencies of vehicle 
miles travelled, vehicle fuel efficiency, fuel price, energy, and GHG emissions as inputs in an 
economic feasibility model (Karplus et al. 2013).  
 The DOE has released several calculation tools based on specific needs of the fleet 
manager. The Petroleum Reduction Planning (PREP) Tool creates a plan to reduce fleet 
petroleum consumption and emissions for light- and medium-duty vehicles. The PREP tool does 
include HD diesel vehicles, but not HD gasoline vehicles. The Compressed Natural Gas (CNG) 
Vehicle and Infrastructure Cash-Flow Evaluation (VICE) Model 2.0 evaluates the return on 
investment and payback period for natural gas vehicles and infrastructure. The Greenhouse 
gases, Regulated Emissions, and Energy use in Transportation (GREET) fuel-cycle model is 
11 
 
used to generate the petroleum use and GHG emissions in a well-to-wheels life-cycle analysis for 
various alternative fuels of medium-, HD, and off-road vehicles, but it does not incorporate light-
duty vehicles (LD) into the analysis.  
 The Mobile Combustion module of the Environmental Protection Agency (EPA) State 
Inventory Tool (SIT) projects GHG emissions up to 2030 based on historical data. However, the 
Mobile Combustion module does not incorporate electric vehicle technologies. Also, it cannot be 
modified to model different scenarios based on the proposed adoption rates of CNG and EV 
vehicles from 2015-2030. The EPA has also released the Multi-scale mOtor Vehicle and 
equipment Emission System (MOVES). However, MOVES does not allow the user to integrate 
renewable options of compressed natural gas and electricity. 
 The Alternative Fuel Life-Cycle Environmental and Economic Transportation (AFLEET) 
tool is used for this analysis because it is the most flexible tool available that allows user-defined 
inputs. It calculates the petroleum use, air pollutants, and GHG emissions for LD and HD 
vehicles. It distinguishes between renewable and conventional fuels and allows for scenario 
modeling. It can also calculate the costs associated with ownership, but that is outside the scope 
of this study.
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CHAPTER 3: METHODS    
 The current transportation fuel mix in North Carolina is dominated by gasoline and diesel 
in light-duty (LD) and heavy-duty (HD) vehicles (FHWA 2011). Electricity is studied as an 
alternative fuel for LD vehicles. Plug-in hybrid electric vehicles (PHEVs) consume both gasoline 
and electricity and are a reasonable transitional LD alternative fuel vehicle. Compressed natural 
gas (CNG) is studied as an alternative for HD vehicles. HD vehicles such as transit buses and 
single unit short haul trucks are most likely to function primarily within North Carolina and are 
included in the scope of work. 
Conventional Electricity and Natural Gas 
 The scope of this study for conventional sources of fuel is narrowly defined as the 
electricity that is generated in the state using fossil fuels and the capacity of interstate 
transmission networks (e.g. high-voltage power lines and high-pressure pipelines) to deliver 
electricity and natural gas into North Carolina. Conventional electricity (CE) sources include 
nuclear generation, coal-fired power plants, and natural-gas power plants. Conventional and 
shale natural gas is extracted by various drilling techniques. The sources and distributors of 
conventional electricity can be found in Appendix A.
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Renewable Electricity 
 In this study, electricity will be used to fuel PHEVs. Renewable electricity (RE) includes 
solar
9
, offshore wind, biomass, and hydropower. An inventory of RE can be found in Appendix 
B and is summarized in Table 3.1. Per the RE inventory, the RE capacity can support the 
projected quantities of light-duty vehicles from 2015-2030. The projected vehicle quantities can 
be found in Appendix D.  
Table 3.1 Annual Transportation Energy of Renewable Electricity  
Renewable Electricity * Energy (MMbtu) Electricity Fuel (GGE) 
Solar               6,500,000,000             21,000,000,000  
Biomass                    14,000,000                      5,200,000  
Offshore Wind                  520,000,000                           46,000  
Hydropower                           29,000                           19,000  
Total               7,000,000,000             21,000,000,000  
* System losses are not included 
Renewable Natural Gas 
 Renewable natural gas (RNG) production consists of methane capture in landfills and 
anaerobic digestion systems used in wastewater treatment plants and concentrated animal farm 
operations. RNG can be further processed to produce compressed natural gas (CNG). It is 
important to note that although natural gas can be used generate electricity, electricity as a 
transportation fuel derived from RNG does not fall within the scope of this study. The results of 
the RNG inventory in Appendix B are summarized in Table 3.2. The annual RNG capacity can 
offset all of the short haul gasoline trucks registered each year from 2015-2030. The remaining 
RNG can be used to offset nearly 65 percent of the remaining HD vehicles that consume diesel. 
                                                 
9
 This method is similar to those used by the Renewable Project Database in California and the Renewable Energy 
and Defense Geospatial Database created by the Department of Defense in partnership with the National Resources 
Defense Council. 
14 
 
A complete transition to NG can occur as early as 2028. The projected vehicle quantities can be 
found in Appendix D.  
Table 3.2 Annual Transportation Energy of Renewable Natural Gas 
Renewable Natural Gas  * Energy (MMbtu) CNG Fuel (GGE) 
Landfill           15,000,000          132,000,000  
Wastewater Treatment Plant (WWTP)                    4,300                     1,600  
Concentrated Animal Farm Operation (CAFO)             6,500,000            32,000,000  
Total           22,000,000          164,000,000  
* 
System losses are not included 
Petroleum Use, Greenhouse Gas Emissions, and Air Pollutants 
 The Department of Energy (DOE) Alternative Fuel Life-Cycle Environmental and 
Economic Transportation (AFLEET) tool can compare the environmental and economic costs 
and benefits of advanced vehicles and alternative transportation fuels. For this study, the 
AFLEET tool will only be used to compare the environmental tradeoffs. The AFLEET tool 
calculates the annual petroleum use, greenhouse gases (GHGs), and air pollutants emitted by 
vehicles. Data gathered by federal agencies and other sources were incorporated into the model 
and includes regional sources of fossil fuels, electricity consumption and production, waste 
management, and vehicle specifications.  
 Vehicle types are specified by the vehicle class (LD passenger car, LD commercial truck, 
transit bus, and HD single unit short haul truck) and fuel type (gasoline, diesel, CNG, and 
electricity). The vehicle classes and fuel types included in the scope of work are shown in Table 
3.3. Other AFLEET inputs include vehicle age, annual vehicle miles travelled (VMT), and 
annual fuel consumption (see Table 3.4).  
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Table 3.3 Vehicle classes and fuel types included in the scope of work 
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 Light-Duty Passenger Car X X   X 
Light-Duty Commercial Truck X X   X 
Heavy-Duty Transit Bus   X  X   
Heavy-Duty Single Unit Short Haul Truck  X X  X   
Table 3.4 AFLEET Model Inputs 
 Description Conventional Energy Renewable Energy 
1 Primary Vehicle Location North Carolina 
2 CNG Feedstock Source North American Natural Gas 
(66% conventional, 34% shale) 
Landfill gas (LFG): methane 
collection. LFG AFLEET values 
serve as proxies to wastewater 
treatment plant and concentrated 
animal farm operation values 
3 Source of Electricity for 
Plug-in Hybrid Electric 
Vehicles (PHEVs) and 
All-Electric Vehicles 
(EVs) 
Southeast Electric Reliability Council 
(SERC) Reliability Corporation  
AFLEET default regional values 
Residual oil - 0.2% 
Natural gas - 40% 
Coal - 10% 
Nuclear power - 27.5% 
Biomass - 10% 
Other  - 12.3% 
See Appendix C 
4 Class: Light-duty Passenger Car 
Light Commercial Truck 
Class: Heavy-duty Transit Bus 
Single Unit Short-Haul Truck 
5 Fuel Type Gasoline, diesel, CNG, electricity CNG, electricity 
6 Model Year/Age 0-30 years old 
EPA SIT 
0-30 years old * 
EPA SIT 
7 Annual Vehicle Mileage Default values provided by AFLEET 
8 Fuel Use  (gal or GGE) = Annual VMT (miles)* Fuel Efficiency (gal or GGE/miles) 
U.S. Energy Information Administration Energy Outlook 2014 
Fueleconomy.gov 
* Plug-in hybrid electric vehicle ages range from 0-5 years old.   
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Calculating the Statewide Impact 
 The statewide impact is calculated by multiplying the AFLEET outputs by the total 
number of vehicles of a specific type (see Table 3.3) that are registered in North Carolina in a 
specific year. See Appendix D for vehicle quantities and calculation details. The following 
equations are used to calculate the statewide impact: 
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CHAPTER 4: AFLEET SCENARIOS AND RESULTS 
 The Department of Energy Alternative Fuel Life-Cycle Environmental and Economic 
Transportation (AFLEET) tool is used to determine the effect that a transition to electricity and 
compressed natural gas (CNG) will have on petroleum consumption, greenhouse gas (GHG) 
emissions, and air pollutant emissions in North Carolina. 
 Four scenarios are examined. The baseline assumes a continued use of gasoline and 
diesel in light-duty (LD) and heavy-duty (HD) vehicles per historical trends. The second scenario 
maximizes the use of CNG in HD vehicles and compares the results of conventional and shale 
natural gas to RNG. HD vehicles that consume gasoline and diesel may be easily converted to 
use CNG. The third scenario compares the use of electricity from conventional and renewable 
sources in plug-in hybrid electric light-duty vehicles (PHEVs). Twenty-five and 50 percent 
PHEV adoption levels by 2030 are also separately considered in this scenario. The last scenario 
models the adoption of both HD CNG vehicles and LD PHEVs. 
Baseline: Gasoline and Diesel 
 The baseline scenario assumes that gasoline and diesel usage increase per historical 
trends. Diesel dominates as the fuel used in HD vehicles, but accounts for approximately one-
third of the petroleum consumed in North Carolina. LD vehicles, by comparison, consume more 
than 50 percent of the petroleum (see Figure 4.1). See Appendix D for quantities and calculation 
details. 
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Figure 4.1 Baseline: Petroleum Consumption in North Carolina 
 
Compressed Natural Gas in Heavy-Duty Vehicles 
 CNG is used as an alternative to gasoline and diesel fuel in HD vehicles. The sources and 
distribution of conventional and shale natural gas (NG) can be found in Appendix A. An 
inventory of RNG can be found in Appendix B and is summarized in Table 4.4.  
Table 4.4 Annual Transportation Energy of Renewable Natural Gas 
Renewable Natural Gas  * Energy (MMbtu) CNG Fuel (GGE) 
Landfill           15,000,000          130,000,000  
Wastewater Treatment Plant (WWTP)                    4,300                     1,600  
Concentrated Animal Farm Operation (CAFO)             6,500,000            32,000,000  
Total           22,000,000          160,000,000  
*
 
System losses are not included 
 The following assumptions are incorporated into the AFLEET model and statewide 
impact calculation:  
1. Light-duty vehicle growth increases per the Baseline. 
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2. Gasoline and diesel vehicle inputs are the only light-duty vehicles included in the 
AFLEET model. 
3. 27.5% of natural gas resources will be utilized as transportation fuel. 
4. Non-RNG resources are derived from North America and consist of 66 percent 
conventional and 24 percent shale natural gas. 
5. Landfill constants used in the AFLEET calculations are also used as proxy values for 
concentrated animal farm operations and wastewater treatment plants.  
6. RNG resources are utilized at full capacity. 
7. For the sake of comparison, conventional and shale NG quantities are equal to RNG 
quantities. 
 The potential annual RNG capacity can offset all registered short haul gasoline trucks 
starting in 2015. The balance of RNG can offset nearly 65 percent of the remaining HD vehicles 
consuming diesel (i.e. transit buses and single unit short haul trucks). A complete transition of 
HD vehicles to NG can occur as early as 2028
10
. Conventional and shale NG and RNG perform 
better than gasoline and diesel in petroleum consumption, with a 17 percent annual reduction in 
2015 that increases to 28 percent by 2030 (see Figure 4.2). Over 15 years, there is a 21 percent 
total reduction in petroleum use (see Figure 4.3). RNG performs only marginally better than 
conventional and shale NG in petroleum use (by 0.11 percent). 
                                                 
10
 Certified retrofitters can modify after-market heavy-duty gasoline and diesel vehicles to consume CNG by 
installing CNG conversion kits, thus potentially increasing the rate of vehicle fuel turnover (EERE 2014). In 
contrast, light-duty vehicles are not typically modified to operate as PHEVs. Instead, PHEVs are typically purchased 
as new vehicles.  
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Figure 4.2 Annual Petroleum Consumption of NG and Gasoline/Diesel HD Vehicles 
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Figure 4-3 Change of AFLEET Outputs from 2015-2030 Relative to the Baseline Scenario 
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 Diesel is the primary source of GHG emissions for HD vehicles (see Figure 4.4a) due to 
the sheer quantity of diesel vehicles in operation. As diesel and gasoline fuel are replaced with 
conventional and shale NG (see Figure 4.4b) or RNG (see Figure 4.4c), GHG emissions decrease 
over time. Relative to the baseline, RNG results in a 15 percent decrease of annual GHG 
emissions in 2015, which increases to 25 percent by 2030. In contrast, conventional and shale 
NG result in only a 5 percent decrease in that same period (see Figure 4.4d). 
 RNG and conventional and shale NG are indistinguishable at the retailer’s pump. 
Therefore, the vehicle operation outputs, or the air pollutant emissions, are exactly the same. 
Relative to gasoline and diesel vehicles, CNG vehicles emit 9 percent less NOX over a period of 
15 years. In contrast, CNG vehicles emit only marginally less PM2.5 and PM10 than gasoline and 
diesel vehicles (see Figure 4.3). PM2.5 and PM10 are emitted in thousands of pounds. However, 
CO, NOX, and VOC are emitted by the millions of pounds. Approximately 42-49 million pounds 
of NOX (see Figure 4.5b) and 32 million pounds of VOC (see Figure 4.5c) are released in any 
given year from 2015-2030. CO is the primary pollutant released by CNG vehicles. CNG 
vehicles release approximately 10 times more CO than NOX or VOC in any given year (see 
Figure 4.5a).  
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Figure 4.6 AFLEET Heavy-Duty CO Vehicle Emission Factors 
 
 
 
Figure 4.7 AFLEET Heavy-Duty VOC Vehicle Emission Factors 
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Electricity in Light-Duty Vehicles 
 Electricity and gasoline are used to fuel plug-in hybrid electric vehicles (PHEV). Sources 
and distributors of conventional electricity (CE) can be found in Appendix A. An inventory of 
renewable electricity (RE) can be found in Appendix B and is summarized in Table 4.5.  
Table 4.5 Annual Transportation Energy of Renewable Electricity  
Renewable Electricity * Energy (MMbtu) Electricity Fuel (GGE) 
Medium to Large-scale Solar               6,500,000,000             21,000,000,000  
Biomass                    14,000,000                      5,200,000  
Offshore Wind                  520,000,000                           46,000  
Hydropower                           29,000                           19,000  
Total                7,000,000,000             21,000,000,000  
* System losses are not included 
 The following assumptions are incorporated into the AFLEET model and statewide 
impact calculation:  
1. Heavy-duty vehicle growth increases per the Baseline.  
2. 27.5% of the electricity will be used for transportation.  
3. The electricity mixes that are used to fuel PHEVs are shown in Appendix C, Table C.15.  
4. PHEV passenger cars were registered in North Carolina starting 2010.  
5. PHEV commercial trucks will enter the marketplace in 2015. 
6. The PHEV adoption rates that are examined are shown in Figure 4.7. 
 Per the RE inventory in Appendix B, the RE capacity can support the PHEV quantities 
projected from 2015-2030. In this study, the use of electricity as a transportation fuel is only 
limited by the PHEV adoption levels in North Carolina (see Figure C.1 in Appendix C). A 25 
percent PHEV adoption level by 2030 is the low adoption case. A 50 percent PHEV adoption 
26 
 
level by 2030 is the moderate case. The quantities of PHEV passenger cars and PHEV 
commercial trucks used in the calculations can be found in Appendix D.  
Low Adoption – 25% PHEV Adoption by 2030 
 In the low adoption scenario, the results for RE and CE are indistinguishable and 
interchangeable
12
 (see Figure 4.8b and Figure 4.9). Theoretically, any difference in petroleum 
use or GHG emissions would most likely be due to the transportation of CE fuels to power 
plants. Furthermore, RE, which includes biomass generation, is only 22.3 percent of the total 
electricity generation mix. The remaining balance consists of residual oil, conventional and shale 
 NG, coal, and nuclear power (see Table C.15 in Appendix C). Relative to the baseline, 
this scenario results in 9 percent decrease in petroleum use in 2015 and a 23 percent decrease by 
2030 (see Figure 4.8a). Utilizing electricity as a transportation fuel results in a total 16 percent 
reduction in petroleum consumption over 15 years. Relative to the baseline, this scenario results 
in a 9 percent decrease in GHGs in 2015 and a 23 percent decrease by 2030 (see Figure 4.10). 
Utilizing electricity as a transportation fuel results in a total 16 percent reduction in GHG 
emissions over 15 years. 
                                                 
12
 Calculations result in RE only marginally outperforming CE, consuming 0.0000022 percent less petroleum in 
2015. By 2030, this increases to 0.000090 percent. Results are similar for GHG emissions. RE only marginally 
outperforms CE, emitting 0.00026 percent less GHGs in 2015. This increases to 0.011 percent by 2030. However, 
this difference is statistically insignificant. 
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Figure 4.8 Petroleum Consumption – Low PHEV Adoption 
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Figure 4.10 Light-Duty GHG Emissions – Low PHEV Adoption 
    
 At the charging station, RE and CE are indistinguishable. PHEVs will emit the same 
quantity of air pollutants regardless of electricity source. Air pollutants emitted by PHEVs are 
due to gasoline consumption. As expected, PHEVs emit less air pollutants than gasoline and 
diesel vehicles before 2023. However, by 2023, CO, NOX, PM2.5, PM10, and VOCs emitted 
annually for gasoline, diesel, and PHEVs approach parity (see Figure 4.11) and may even emit 
more than gasoline and diesel vehicles. Three explanations may account for these results: (1) 
Older gasoline and diesel vehicles are decreasing as PHEVs
13
 increase. Therefore, less gasoline 
and diesel fuel is consumed overall and less air pollutants are emitted; (2) The fuel efficiency in 
gasoline and diesel vehicles has improved such that gasoline and diesel consumption is reduced 
significantly for newer vehicles in use as older vehicles retire; (3) Emission control equipment in 
                                                 
13
 In 2023, PHEVs are only 13 percent of the total number of gasoline and diesel vehicles 
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gasoline and diesel vehicles has also improved such that less pollutants are emitted during 
operation
14
. 
                                                 
14
 PM and VOC emission coefficients for PHEVs and gasoline vehicles are both 1.0 with one exception. One of the 
two VOC factors has a coefficient of 0.7 for PHEVs and 1.0 for gasoline vehicles. 
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Moderate Adoption – 50% PHEV Adoption by 2030 
 In the moderate adoption scenario, RE and CE are virtually indistinguishable and 
interchangeable in regards to petroleum consumption
15
 (see Figure 4.14 and Figure 4.12b). 
Relative to the baseline, this scenario results in a 9 percent decrease in petroleum use in 2015 and 
a 38 percent decrease by 2030 (see Figure 4.12a). Utilizing electricity as a transportation fuel 
results in a total 20 percent reduction in petroleum consumption over 15 years.  
Figure 4.12 Petroleum Consumption – Moderate PHEV Adoption 
  
 Unlike the low adoption scenario, RE in the 50 percent scenario performs only 
marginally better than CE, emitting 0.0003 percent less GHGs in 2015. However, this increases 
to 0.02 percent by 2030. Although this difference is insignificant, it is worth noting that as PHEV 
adoption levels increase, RE will continue to outperform CE
16
. Relative to the baseline, the 
                                                 
15
 Actual calculations result in RE performing only marginally better than CE, consuming 0.0000024 percent less 
petroleum in 2015. This increased to 0.00017 percent by 2030. However, this difference is insignificant.  
16
 If a 95 percent PHEV adoption level is achieved by 2030, RE outperforms CE, consuming 17 percent less 
petroleum in 2015 relative to the baseline. In contrast, CE results in only a 10 percent reduction. However, by 2030, 
RE and CE perform similarly, reducing petroleum consumption by 66 percent relative to the baseline. From 2015-
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moderate adoption scenario results in a 9 percent decrease in GHGs in 2015 and a 23 percent 
decrease by 2030 (see Figure 4.13). Utilizing electricity as a transportation fuel results in a total 
16 percent reduction in GHG emissions over 15 years. 
Figure 4.13 GHG Emissions – Moderate PHEV Adoption 
 
                                                                                                                                                             
2030, RE results in a total reduction of petroleum use and GHG emissions by 39 percent each. Over that same 
period, CE results in a 35 percent reduction in petroleum use and GHG emissions. 
 
24 
29 
34 
39 
44 
49 
54 
2015 2020 2025 2030 
G
H
G
 (
M
ill
io
n
s 
lb
s)
 
39% 
9% 
33 
 
 
 Similar to the low adoption scenario, the CO, PM2.5, and PM10 levels for gasoline and 
diesel approach parity with electricity levels by 2023. However, unlike the low adoption 
scenario, by 2026-2028, the CO, NOX, PM2.5, and PM10 levels for electricity begin to fall below 
the gasoline and diesel levels (see Figures 4.15a to Figure 4.15e). In this case, increased PHEVs 
are driving air pollutant reductions. PHEV adoption levels increase to 15 percent by 2023. 
However, by 2026, at a 30 percent adoption level, PHEVs begin to sharply outperform the 
Baseline. Additionally, VOC levels for electricity consistently stay below the baseline. 
Figure 4.14 Comparing the AFLEET Outputs of Moderate PHEV Adoption to the Baseline 
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Light-duty PHEVs and Heavy-duty CNG Vehicles  
 In reality, both LD and HD vehicles are replaced with their alternative fuel equivalents. 
This scenario models CNG in HD vehicles and the replacement of LD vehicles with PHEVs at 
25 and 50 percent adoption levels by 2030 (see Table 4.8). The fuel source (i.e. conventional 
versus renewable) impacts the petroleum consumption and GHG emissions only. In contrast, the 
PHEV adoption levels impact petroleum use, GHG emissions, and air pollutant outputs. As 
PHEV adoption levels increase, the reduction in NOX, PM2.5, and PM10 also increases. All levels 
of PHEV adoption resulted in increases in CO and VOC, but the high adoption level results in 
the smallest increase. 
 At the low PHEV adoption level, petroleum use is unaffected by the use of RNG or 
conventional and shale NG. However, RNG does result in GHG emission levels that are 10 
percent below conventional and shale NG. Unlike the low adoption level, both petroleum and 
GHG emissions are indifferent to the source of NG in the moderate adoption level scenario. 
Petroleum and GHG emissions are reduced by 41 and 36 percent, respectively relative to the 
baseline.  
Table 4.8 Balanced Transition Scenarios and the Performance over the Baseline from 2015-2030 
 LD fuel – HD fuel Petroleum  
(barrels) 
GHG  
(short tons) 
* CO 
(lb) 
NOx 
(lb) 
PM10 
(lb) 
PM2.5 
(lb) 
* VOC 
(lb) 
2
5
%
  
P
H
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V
 
A
d
o
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RE – RNG -37% -35% 35% -5% 0% 0% -27% 
E – RNG -37% -35% 35% -5% 0% 0% -27% 
RE – CNG -37% -25% 35% -5% 0% 0% -27% 
E – CNG -37% -25% 35% -5% 0% 0% -27% 
5
0
%
 P
H
E
V
 
A
d
o
p
ti
o
n
 
RE – RNG -41% -36% 31% -9% -3% -3% -23% 
E – RNG -41% -36% 31% -9% -3% -3% -23% 
E – CNG -41% -36% 31% -9% -3% -3% -23% 
RE – CNG -41% -36% 31% -9% -3% -3% -23% 
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CHAPTER 5: RECOMMENDATIONS 
 There is an existing network of organizations including the Land-of-Sky Clean Vehicles 
Coalition, Triangle Clean Cities, Centralina Clean Fuels Coalition, and the North Carolina Clean 
Energy Technology Center that are currently promoting alternative fuels to stakeholders within 
the state. Local community colleges provide outreach events and alternative fuel vehicle 
maintenance training to local municipalities, utilities, private firms, and community members. 
State leaders can coordinate future efforts with these organizations to reduce redundancy and 
maximize available resources. 
 Policy goals will impact the allocation of time and resources that are necessary to meet 
the adoption levels outlined in each case. However, this study acknowledges that it is unlikely 
that a 50 percent adoption level of LD PHEVs will occur in North Carolina by 2030. If a 
maximum of 25 percent PHEV adoption level by 2030 is assumed, only nine viable scenarios 
remain (see Table 5.1). 
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Table 5.1 Possible Scenarios and the Performance over the Baseline, 2015-2030 
 
LD fuel – HD fuel 
Petroleum  
(barrels) 
GHG  
(short tons) 
CO 
(lb) 
NOx 
(lb) 
PM10 
(lb) 
PM2.5 
(lb) 
VOC 
(lb) 
 G/D – G/D 0% 0% 0% 0% 0% 0% 0% 
 G/D – CNG -21% -9% 34% -9% 0% 0% 30% 
 G/D – RNG -21% -19% 34% -9% 0% 0% 30% 
2
5
%
 P
H
E
V
 A
d
o
p
ti
o
n
 RE – G/D -16% -16% 1% 4% 1% 0% -3% 
E – G/D -16% -16% 1% 4% 1% 0% -3% 
RE – RNG -37% -35% 35% -5% 0% 0% 27% 
E – RNG -37% -35% 35% -5% 0% 0% 27% 
RE – CNG -37% -25% 35% -5% 0% 0% 27% 
E – CNG -37% -25% 35% -5% 0% 0% 27% 
 All of the following recommendations require a minimum 25 percent PHEV adoption 
level by 2030. Expanding PHEV infrastructure would facilitate adoption. Fast-tracking permits 
for residential charging would reduce the installation cost and construction time. The National 
Electric Code requires the installation of exterior outlets in commercial properties. An effort to 
identify and engage willing commercial properties to allow for free destination charging
17
 and 
publishing this data would also increase potential charging locations. Local building codes could 
be modified to require the installation of electric vehicle charging capacity per living unit in 
newly constructed residential buildings.  
Increase Energy Security 
 A decline in statewide petroleum consumption would increase energy security by 
reducing dependence on foreign oil and the flow of oil and natural gas via interstate pipelines. 
The last AFLEET scenario models a 25 percent PHEV adoption level by 2030 and the use of 
CNG in HD vehicles. Any of the options within this scenario would result in a 37 percent 
decrease in petroleum use. The AFLEET results indicate that the differences between RE and CE 
                                                 
17
 Destination charging occurs when electric vehicle drivers stay in one location for many hours. 
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for petroleum consumption are insignificant. Likewise, the source of CNG will not impact 
petroleum consumption. Although RNG could be produced in North Carolina, a distribution 
pipeline network does not exist at present and the RNG would thus still need to be delivered via 
tanker truck.  
 Until a distribution network is built to retail locations or CNG production and processing 
sites (i.e. landfills, WWTPs, and CAFOs) become fuel distribution centers, it is unlikely that 
greater decreases in petroleum consumption can be achieved. Furthermore, due to stringent 
storage and safety requirements, the ownership and operation of CNG fueling stations will most 
likely remain with certified organizations, rather than the average individual.    
Mitigate Climate Change 
 Focusing on decreasing GHG emissions may contribute to mitigating the effects of 
climate change. Integrating RNG vehicles and achieving a 25 percent PHEV adoption rate by 
2030 would result in a 35 percent decrease in GHG emissions. However, RNG infrastructure is 
virtually nonexistent in North Carolina. Until this infrastructure can be built, utilizing 
conventional and shale natural gas is an option, but would only result in a 25 percent decrease in 
GHG emissions.   
 Natural gas resources
1819
 in Western North Carolina are derived primarily from landfills 
and wastewater treatment facilities. However, methane collection systems require significant 
capital investment. Furthermore, projected population shifts from rural into urban areas will 
                                                 
18
 Natural gas for electricity as a transportation fuel was not included in this study. 
19
 If natural gas is used for electricity, only approximately 42 percent of the input energy will be outputted as 
consumable electricity with another 7 percent lost in transmission and distribution. 
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affect the available human waste used in the production process. Deploying costly equipment to 
areas with projected population decreases by 2030 should be avoided. 
Concentrated animal feeding operations (CAFOs) are located primarily in central and east North 
Carolina. There are two options to deploy methane collection systems on CAFOs: A centralized 
or decentralized system. The infrastructure for a centralized pipeline distribution network does 
not exist and will require extensive environmental studies and economic investment. It is 
unlikely that deployment would occur by 2030. A decentralized system for individual farms, 
evaluated on a case-by-case basis, may be deployed with greater logistical ease and speed, but 
the costs would fall on the individual farmer. Forming unique public/private partnerships, such 
as in the case of Loyd Ray Farms, may mitigate capital and maintenance costs. 
Improve Air Quality 
 Reducing air pollutants (CO, NOX, PM2.5, PM10, and VOCs) would improve air quality. 
The AFLEET results indicate that a PHEV adoption level of 25 percent or greater and the 
continued use of gasoline and diesel in HD vehicles would result in the least increases in CO, 
NOX, PM2.5, and PM10 at 1, 4, 1, and 0 percent, respectively. VOCs would decrease by 3 percent. 
With 16 percent reductions in both petroleum use and GHG emissions, this option also provides 
the best overall strategy to increase energy security, mitigate climate change, and improve air 
quality. 
 However, even greater decreases can be realized by transitioning HD vehicles to diesel 
only. Figure 4.6 and Figure 4.7 indicate that CO and VOC diesel emission factors are much 
lower than those of gasoline. HD gasoline vehicles are a small percentage of HD vehicles 
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operating in the state, thus speeding the transition. Furthermore, diesel infrastructure is well-
established in North Carolina.  
 Manufacturers are largely responsible for providing a diverse selection of vehicles in the 
market place. As environmental regulations become increasingly stringent, manufacturers are 
investing in AFVs and advanced technologies
20
. The AFLEET results in Chapter 4 indicate that 
elevated levels of CO and VOCs are due to HD CNG vehicles. Lobbying for stricter emission 
control policies would require manufacturers to improve emission control technologies or fuel 
efficiency in these vehicles. PHEVs showed higher levels of some air pollutants. Mandating the 
installation of comparable emission control technologies to those installed in gasoline vehicles 
would reduce these emissions. 
Land Use 
 Mid-sized
21
 to large-scale
22
 solar installations is approximately 90 percent of the total 
renewable energy capacity in North Carolina. However, population migration and increased 
urbanization may limit the available land for medium to large-scale solar projects
23
 (OSBM 
2013). Statewide and regional land use planning should be expanded to include energy planning. 
Areas can also be set aside or acquired and zoned specifically for solar production.  
 Central North Carolina has ample renewable energy resources to support the integration 
of alternative transportation fuels. However, Eastern North Carolina lacks these resources. 
                                                 
20
 Caterpillar Inc. spent $8 billion in R&D. This also includes an investment in EV and natural gas technology to 
comply with Tier 4 Standards (Anderson 2013; Oberhelman 2014). 
21
 Mid-sized solar is defined as 1 MW – 4.9 MW (Johnson and Page 2014). 
22
 Large- or utility-scale solar is defined as greater than 5 MW (Mendelsohn et al. 2012). 
23
 Terando et al. (2014) predict that urbanization in the South is expected to increase by 101-192 percent in the next 
50 years, with the Piedmont region experiencing the most growth. 
 41 
 
Leaders in Eastern North Carolina may want to consider easing local regulations
24
 and appeal to 
the Bureau of Ocean Energy Management to reconsider their initial decision and expand the 
areas available for offshore wind production. Biomass resources are also abundant in this region. 
Increasing biomass electricity production could supplement offshore wind generation.  
 Western North Carolina has the least local energy resources and is the most dependent on 
imported feedstocks. Easing the restrictions of the Mountain Ridge Protection Act of 1983 to 
increase wind production in the Appalachian Mountains, the only onshore area in North Carolina 
with viable wind energy resources, should be considered. Similar to Eastern North Carolina, 
increasing biomass energy production may bridge the gap in renewable energy production. 
Wood feedstocks can be transported from Central or Eastern North Carolina.  
AFLEET Model Limitations 
 The AFLEET model is limited by the quality of input data. The calculations for air 
pollution emissions are represented by 2012 certification data only and will not provide accurate 
results for older vehicles. To increase accuracy, equipment testing certification data would need 
to be entered into the calculation model. However, certification data for these vehicles may not 
exist. 
 The landfill gas option as a source for compressed natural gas (CNG) assumes that the 
CNG is transported via tanker truck for 50 miles to the refueling site. Mitigating this effect by 
reducing the miles travelled or assuming direct injection into the interstate natural gas pipeline is 
not an available input. Other sources of renewable compressed natural (RNG) gas such as 
                                                 
24
 The Town of Kitty Hawk “approved a resolution to inform the North Carolina Bureau of Energy Management that 
the Council does not agree with the wind turbines being located six miles off the coast and [requested] that the wind 
turbines be placed at least twenty miles off the coast” (Town of Kitty Hawk 2013). 
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wastewater treatment plants (WWTPs) and concentrated animal feeding operations (CAFOs) are 
not provided as CNG source options.  
 The electricity mix proportions remain static for all years under consideration. Increasing 
the share of annual renewable electricity sources must be modeled separately. Similarly, the 
petroleum use and the GHG calculation factors for electricity production facilities also remain 
constant. RNG derived from landfills, WWTPs, and CAFOs can be used to generate electricity. 
However, RNG as an electricity feedstock is not an input option.  
Renewable Energy Calculation Improvements 
 The RNG potential is based on the permitted capacity of each facility
25
. However, these 
facilities may not necessarily operate at full capacity from 2015-2030. Some landfills included in 
the scope may be full and producing methane per the calculations, but most of them are still 
accepting waste. CAFOs may want to operate at full capacity, but externalities (disease, 
operations, weather, etc.) may result in low methane collection levels. This study does not 
account for new landfills, WWTPs, or CAFOs that may become operational from 2015-2030 per 
the North Carolina Office of State Budget and Management (OSBM) population migration 
projections. Although expansions of existing CAFO lagoon facilities are not typically issued, this 
could change in the future.  
 The OSBM projects a population shift from rural to urban areas in North Carolina. 
Instead of calculating the energy potential based on facility capacity, a calculation based on 
wastewater and solid waste per capita per county might increase the accuracy of the results. 
Innovative funding strategies and improvements in technology might make micro-hydropower in 
                                                 
25
 Permitted capacity may be less than or equal to design capacity. For example, a facility may be permitted for 80 
percent of full design capacity. 
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the Piedmont river systems and coastal tidal areas feasible in the future. The area calculation for 
medium to large-scale solar farms might be further refined based on the minimum area 
requirements for operational solar farm installations. 
Conclusion 
 As health, environmental, and energy security concerns increase, the effort to displace 
imported petroleum fuels continues to gain traction. However, it is important to prioritize goals 
prior to allocating limited state resources to the development of alternative fuel infrastructure. 
This study focuses on identifying the available potential renewable transportation energy and 
estimating the possible environmental tradeoffs. North Carolina has the capacity to produce 
enough renewable electricity and renewable natural gas to support most of the vehicles expected 
to be registered each year from 2015-2030. However, additional actions and an economic 
analysis comparing the fuel options are needed to realize the results of the renewable energy 
inventory and alternative transportation fuel models. 
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GLOSSARY 
The definitions in this section were adapted from various sources (EERE 2013; EIA 2013a; 
USDA 2012; IRS 2011; Halderman and Martin 2011) 
Advanced Technology Vehicles: A vehicle that combines new engine, power, or drive train 
systems to significantly improve fuel economy. This includes hybrid power systems and fuel 
cells, as well as some specialized electric vehicles. 
Alternative Fuel Vehicles: A dedicated, flexible fuel or dual-fuel vehicle designed to operate on 
at least one alternative fuel. 
Alternative Fuel: The Energy Policy Act of 1992 defines an alternative fuel as biodiesel (B100), 
natural gas and liquid fuels domestically produced from natural gas, propane (liquefied 
petroleum gas), electricity, hydrogen, blends of 85% or more of methanol, denatured ethanol, 
and other alcohols with gasoline or other fuels, methanol, denatured ethanol, and other alcohols, 
coal-derived, domestically produced liquid fuels, fuels (other than alcohol) derived from 
biological materials, P-Series fuels. 
Alternative fuels: Per the Internal Revenue Service (IRS), alternative fuels that qualify for 
Federal tax incentives include any fuels with at least 85 percent of the volume consisting of 
ethanol, natural gas, compressed natural gas, liquefied natural gas, liquefied petroleum gas, 
hydrogen, any mixture of diesel fuel, biodiesel, and kerosene containing at least 20 percent 
biodiesel or electricity.
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Anaerobic digester: A vessel and associated heating and gas collection systems designed 
specifically to contain biomass undergoing digestion and its associated microbially produced 
biogas.  
Anaerobic digestion: A biological process in which microbes break down organic material in an 
oxygen-free environment while producing biogas as a by-product. 
Biodiesel: A fuel typically made from soybean, canola, or other vegetable oils; animal fats; and 
recycled grease. It can serve as a substitute for petroleum-derived diesel or distillate fuel.  
Biogas: The raw and un-cleaned gas produced by a digester, consisting of mainly methane (50-
60%), carbon dioxide (~40%), water vapor, and hydrogen sulfide. 
Biomass: Organic, non-fossil material of biological origin constituting a renewable energy 
source. 
Biomass waste: Organic non-fossil material of biological origin that is a byproduct or a 
discarded product. Biomass waste includes municipal solid waste from biogenic sources, landfill 
gas, sludge waste, agricultural crop byproducts, straw, and other biomass solids, liquids, and 
gases; but excludes wood and wood-derived fuels, biofuels feedstock, biodiesel, and fuel ethanol.  
British Thermal Unit (Btu): The English System standard measure of heat energy. It takes one 
Btu to raise the temperature of one pound of water by one degree Fahrenheit at sea level. 
Carbon dioxide (CO2): A colorless, odorless, non-flammable gas found in biogas. 
Co-generation: The process of producing both electricity and heat simultaneously, often referred 
to as a combined heat and power (CHP) system. 
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Combined Heat and Power (CHP): The sequential or simultaneous generation of two different 
forms of useful energy – mechanical and thermal – from a single primary energy source in a 
single, integrated system. CHP systems usually consist of a prime mover, a generator, a heat 
recovery system, and electrical interconnections configured into an integrated whole. 
Complete mix digester: An anaerobic vessel that is utilizes one or more mixing techniques. 
Crop residues include crop stalks, leaves, and cobs, referred to as corn stover and wheat straw. 
Corn stover has an energy content of 5,290 Btu/lb (wet) and 7,560 Btu/lb (dry). Wheat straw has 
an energy content of 5,470 Btu/lb (wet) and 6,840 Btu/lb (dry). 
Distributed generation: A distributed generation system involves small amounts of generation 
located on a utility’s distribution system for the purpose of meeting local (substation level) peak 
loads. 
Electric Grid: The electric utility companies’ transmission and distribution system that links 
power plants to customers through high power transmission line service; high voltage primary 
service for industrial applications; medium voltage primary service for commercial and industrial 
applications; and secondary service for commercial and residential customers.  
Electrical Generation Capacity: The maximum technical full-load sustained output of an 
electricity generating facility; actual output is usually lower. Capacity is measured in watts, 
kilowatts, or megawatts. 
Electricity: Electric current used as a power source. Electricity can be produced from a variety 
of feedstocks, including oil, coal, nuclear, hydro, natural gas, wind, and solar. 
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Emission: The release or discharge of a substance into the environment; generally refers to the 
release of gases or particulates into the air. 
Emission Control Technologies: Equipment used in gasoline- or diesel-powered vehicles to 
reduce exhaust emissions, such as particulate matter and nitrogen oxides.  
Energy Policy Act of 1992: Passed by Congress to enhance U.S. energy security by requiring 
federal, state, and alternative fuel provider fleets to implement petroleum-reduction measures.  
Engine-Generator set: The combination of an internal combustion engine and a generator to 
produce electricity; may be single- or dual-fueled depending on the location and setup. 
Externalities: Benefits or costs, generated as a byproduct of an economic activity, that do not 
accrue to the parties involved in the activity. Environmental externalities are benefits or costs 
that manifest themselves through changes in the physical or biological environment. 
Feedstock: Any material converted to another form of fuel or energy product.  
Forest residue is low-quality timber such as logging residues, excess small pole trees, and rough 
or rotten dead wood unfit for lumber processing. The collection infrastructure is already in place. 
Gasoline Gallon Equivalent: The amount of fuel it takes to equal the energy content of one 
liquid gallon of gasoline. 
Greenhouse Gas: A gas which contributes to a warming action in the atmosphere. The primary 
GHGs are carbon dioxide (CO2), methane (CH4), nitrous oxide (N2O), and fluorinated gases (i.e. 
hydrofluorocarbons, perfluorocarbons, and sulfur hexafluoride). 
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Hydraulic fracturing or “fracking”: Fracturing of rock at depth with fluid pressure. Hydraulic 
fracturing at depth may be accomplished by pumping water into a well at very high pressures.  
Hydroelectric power: The use of flowing water to produce electrical energy. 
Kilowatt : An instantaneous measure of power equal to 1,000 watts. It can be used to measure 
the capacity of a generator or the demand by an appliance. 
Kilowatt hour: A unit of energy that represents one kilowatt of power generated or consumed 
for one hour. It is the unit by which most business and residential customers are billed for their 
electricity use. 
Landfill Gas: Gas that is generated by decomposition of organic material at landfill disposal 
sites. The average composition of landfill gas is approximately 50 percent methane and 50 
percent carbon dioxide and water vapor by volume, but can vary from 40 to 60 percent. The 
methane in landfill gas may be vented, flared, combusted to generate electricity or useful thermal 
energy on-site, or injected into a pipeline for combustion off-site. 
Manure: The combination of urine and feces. 
Methane (CH4): A flammable, explosive, colorless, odorless, gas. Methane is the major 
constituent of natural gas, and also usually makes up the largest concentration of biogas 
produced in an anaerobic digester. 
Microturbine: A small combustion turbine with a power output ranging from 25- to 500-kW.  
Municipal Solid Waste: Residential solid waste and some nonhazardous commercial, 
institutional, and industrial wastes. 
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Municipal waste: Per the Energy Security Act (P.L. 96-294; 1980), "any organic matter, 
including sewage, sewage sludge, and industrial or commercial waste, and mixtures of such 
matter and inorganic refuse from any publicly or privately operated municipal waste collection 
or similar disposal system, or from similar waste flows." 
Net generation: Gross generation minus the energy consumed at the generation site for use in 
maintaining energy needs. 
Non-biomass waste: Material of non-biological origin that is a byproduct or a discarded product. 
"Non-biomass waste" includes municipal solid waste from non-biogenic sources, such as 
plastics, and tire-derived fuels. 
Offshore: That geographic area that lies seaward of the coastline. In general, the coastline is the 
line of ordinary low water along with that portion of the coast that is in direct contact with the 
open sea or the line marking the seaward limit of inland water.  
Photovoltaic cell: An electronic device consisting of layers of semiconductor materials 
fabricated to form a junction and electrical contacts and being capable of converting incident 
light directly into electricity. 
Photovoltaic module: An integrated assembly of interconnected photovoltaic cells designed to 
deliver a selected level of working voltage and current at its output terminals, packaged for 
protection against environmental degradation, and suited for incorporation in photovoltaic power 
systems. 
Primary mill residues: Wood waste due to industrial processes (i.e. Sawmills, pulp and paper 
companies, and other millwork companies involved in producing lumber, pulp, veneers, and 
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other composite wood fiber materials).  These include bark, chips, sander dust, edgings, sawdust, 
or slabs that are typically sent to the landfill. The USDA estimates that only 2 percent of primary 
mill residues are available for energy generation because the balance is typically allocated for 
some other use. Its average energy content is estimated at 8,570 Btu/lb. 
Renewable energy resources: Energy resources which are naturally replenishing but flow-
limited. They are virtually inexhaustible in duration but limited in the amount of energy that is 
available per unit of time. Renewable energy resources include biomass, hydro, geothermal, 
solar, wind, ocean thermal, wave action, and tidal action. 
Renewable fuels (other): Fuels and fuel blending components, except biomass-based diesel 
fuel, renewable diesel fuel, and fuel ethanol, produced from renewable biomass. Note: This 
category "other" pertains to the petroleum supply data system. 
Renewable Fuels Standard (RFS): A regulation created under the Energy Policy Act of 2005 
and implemented by the U.S. Environmental Protection Agency (EPA) to ensure that 
transportation fuel sold in the United States contains a minimum volume of renewable fuel 
transportation fuels in their product each year, peaking to 36 billion gallons by 2022. Each year, 
the EPA determines the mandatory renewable volume obligation for each fuel refiner or 
importer. 
Solar energy: The radiant energy of the sun, which can be converted into other forms of energy, 
such as heat or electricity. 
Tailpipe Emissions: Emissions produced through fuel combustion during a vehicle's operation. 
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Tidal energy systems: Energy conversion technologies that harness the energy in tides, waves, 
and thermal gradients. 
Turbine: A device for converting the flow of a fluid (air, steam, water, or hot gases) into 
mechanical motion. 
Urban wood wastes include yard trimmings; wood construction and trimmings, construction 
and demolition wastes (C&D), and other wood wastes; site clearing wastes; and pallets, wood 
packaging, furniture, and other miscellaneous commercial and household wood wastes that are 
generally disposed at municipal solid waste (MSW) landfills or C&D landfills. The energy content 
of urban wood waste is 4,600 Btu/lb (wet) and 6,150 Btu/lb (dry). 
Water turbine: A turbine that uses water pressure to rotate its blades. 
Wastewater Treatment Plant: A facility that removes biological or chemical waste products 
from agricultural wastewater, industrial wastewater, and sewage. Processed water is then reused.  
Wind energy: Kinetic energy present in wind motion that can be converted to mechanical 
energy for driving pumps, mills, and electric power generators. 
Wind turbine: Wind energy conversion device that produces electricity; typically three blades 
rotating about a horizontal axis and positioned up-wind of the supporting tower. 
Wood energy: Wood and wood products used as fuel, including round wood (cord wood), limb 
wood, wood chips, bark, saw dust, forest residues, charcoal, pulp waste, and spent pulping 
liquor.
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APPENDIX A: CONVENTIONAL ENERGY SOURCES 
 Imported conventional energy sources can be used to fuel compressed natural gas (CNG) 
vehicles and electric vehicle (EV) technologies. The primary electricity fuels are coal and 
nuclear. Gasoline, diesel, and natural gas are imported via interstate pipelines from the Gulf 
Coast refineries.  
Conventional Natural Gas 
 The natural gas industry has three components: production, transmission and distribution. 
These three variables can affect the availability, price and quantity of the product. Drilling and 
refining natural gas does not occur in North Carolina. Natural gas is refined primarily in 
Louisiana and Texas. Once the natural gas is extracted and refined, it is shipped to North 
Carolina via an interstate pipeline.  
Pipeline Network  
 The natural gas transmission network into North Carolina is shown in Figure A.1. The 
Transcontinental Gas Pipeline Company (Transco) is the primary source of natural gas into the 
state. The Transco line extends from the Gulf Coast and continues northward to New York. The 
Cardinal Pipeline, an offshoot of the Transco line, delivers natural gas to PSNC and Piedmont in 
Burlington. A much smaller volume of natural gas arrives via the Columbia line in Northampton 
County and the East Tennessee line in Rockingham County. 
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Figure A.1 Natural Gas Transmission Pipeline Network  
 
 From the pipeline network, natural gas is transferred to an in-state facility where it is 
stored underground, or converted to liquefied natural gas (LNG) and stored, or transmitted to an 
intrastate distribution line to consumers. Pine Needle LNG Company, LLC is a major LNG 
storage facility and is located in Guilford County. Distribution lines transport the majority of the 
fuel to feeder or collector routes. The main line feeds the service lines to building structures. 
Natural Gas Providers 
 There are four local distribution companies (LDCs) that provide natural gas in North 
Carolina: Frontier, Piedmont Natural Gas (PNG), PSNC Energy, and Toccoa (see Figure A.2). 
These companies are regulated by the North Carolina Utilities Commission (NCUC), which sets 
their rates and terms of service. There are eight owned and operated municipal (muni) natural gas 
distributers that are not regulated by the NCUC: Greenville, Rocky Mount, Wilson, Bessemer 
City, Kings Mountain, Lexington, Monroe and Shelby. Each muni is a member of the American 
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Public Gas Association. Cherokee, Clay, Graham and Alleghany counties do not have natural gas 
service. 
Figure A.2 Natural Gas Local Distribution Company Service Areas (NCUC 2013a) 
 
Conventional Electricity 
 Coal is imported into North Carolina from Virginia, West Virginia, and Kentucky by rail 
and truck. Coal from these sources is classified as medium and high volatile
26
 bituminous coal. 
Duke Energy operates three nuclear stations in the state: McGuire Nuclear Station, Brunswick 
Nuclear Plant and Shearon Harris Nuclear Plant McGuire Nuclear Station operate two units with 
a capacity of 2,258 MW and is located on Lake Norman in Mecklenburg County. The Brunswick 
Nuclear Plant is located near Southport, and operates 2 units with a capacity of 1,870 MW. The 
Shearon Harris Nuclear Plant is located near New Hill and operates one unit with a capacity of 
900 MW. 
                                                 
26
 Volatility refers to the content of hydrocarbons, aromatic hydrocarbons and sulfur that are released when coal is 
burned at high temperatures.   
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 Like the natural gas utility, the NCUC regulates the rates and services of all public 
electric utilities in North Carolina The NCUC does not regulate the retail rates of municipally-
owned electric systems or EMCs. However, the Commission does have jurisdiction over the 
licensing of all new electric generating plants and large-scale transmission facilities built in 
North Carolina. The electricity system in North Carolina consists of investor-owned utilities 
(IOUs), electric membership corporations (EMCs), municipal-owned utilities (munis), and 
university-owned utilities (see Figure A.3). 
Figure A.3 North Carolina Electricity Providers (NCEC 2013; NCUC 2013b)  
 
1. Albemarle EMC, Hertford 
2. Blue Ridge Electric, Lenoir 
3. Brunswick EMC, Shallotte 
4. Cape Hatteras Electric Cooperative, 
Buxton 
5. Carteret-Craven Electric 
Cooperative, Morehead City 
6. Central EMC, Sanford 
7. Edgecombe-Martin County EMC, 
Tarboro 
8. EnergyUnited, Statesville 
9. Four County EMC, Burgaw 
10. French Broad EMC, Marshall 
11. Halifax EMC, Enfield 
12. Haywood EMC, Waynesville 
13. Jones-Onslow EMC, Jacksonville 
14. Lumbee River EMC, Red Springs 
15. Pee Dee EMC, Wadesboro 
16. Piedmont EMC, Hillsborough 
17. Pitt & Greene EMC, Farmville 
18. Randolph EMC, Asheboro 
19. Roanoke Electric Cooperative, 
Ahoskie 
20. Rutherford EMC, Forest City 
21. South River EMC, Dunn 
22. Surry Yadkin EMC, Dobson 
23. Tideland EMC, Pantego 
24. Tri-County EMC, Dudley 
25. Union Power Cooperative, 
Monroe 
26. Wake EMC, Wake Forest 
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Investor-owned Utilities (IOUs) 
 IOUs are privately owned electricity utility providers. The three IOUs operating in North 
Carolina are Duke Energy Progress, Inc. (Progress), Duke Energy Carolinas, LLC (Duke), and 
Virginia Electric and Power Company (VEPCO), which operates as Dominion North Carolina 
Power (NC Power). Duke and Progress supply approximately 96 percent of the utility generated 
electricity consumed in the state. NC Power supplies the remaining 4 percent. Eighteen percent 
of these sales are to the wholesale market. The wholesale market consists primarily of electric 
membership corporations (EMCs) and municipally-owned electric systems.  
Electric Membership Corporations (EMCs) 
 EMCs are independent, non-profit corporations. There are 31 EMCs located in North 
Carolina and five EMCs located in adjacent states that serve North Carolina residents. Twenty-
five EMCs are members of North Carolina Electric Membership Corporation (NCEMC), a 
generation and transmission services cooperative that provides wholesale power and other 
services to its members. These services include operation of a load management system, 
engineering and construction management, power supply planning, and demand side planning. 
There are six EMCs that are not members of NCEMC. These include French Broad EMC and the 
five EMCs operating outside of North Carolina. 
 Membership in the NCEMC is a failsafe for EMCs to ensure that power is supplied to 
their customers. NCEMC acquires power for its members in several ways. It owns 61.5 percent 
of Catawba Nuclear Station Unit 1 with a 30.8 percent interest in the common facilities of the 
Catawba Nuclear Station in South Carolina. It owns and operates 18 MW peaking generators on 
the Outer Banks and recently built two natural gas peak-load power plants in Anson and 
Richmond counties with a combined rating of approximately 600 MW. NCEMC also purchases 
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power from IOUs such as Progress, Duke, Dominion, American Electric Power, South Carolina 
Electric & Gas (SCE&G), Southern Power and Southeastern Power Administration (SEPA) 
(NCEC 2013; NCUC 2013b). 
 In 2013, Blue Ridge EMC, EnergyUnited EMC, Piedmont EMC, Rutherford EMC, and 
Haywood EMC (Haywood) opted out of NCEMC’s power supply program. They are 
independent members of NCEMC and are solely responsible for providing electricity to their 
customers. However, NCEMC is still obligated to supply Independent Members with electricity 
under a Wholesale Power Supply Agreement (WPSA). If power from the WPSA is still 
insufficient to meet consumer demand, the Independent Members must arrange to purchase 
additional electric power from a third party. 
Municipal and University-Owned Utilities 
 There are approximately 75 municipal and university-owned electric systems in North 
Carolina. Most of these systems are members of ElectriCities, a non-profit organization that 
provides technical, administrative, and management services needed by its municipally-owned 
electric utility members in North Carolina, South Carolina, and Virginia. Fifty-one of the North 
Carolina municipals are participants in one of two municipal power agencies that provide 
wholesale power to their members. The remaining members buy their own power in the 
wholesale market. Typically munis do not fall under the jurisdiction of the NCUC. However, the 
rates charged by New River Light and Power (Boone, NC) and Western Carolina University 
(Cullowhee, NC) require NCUC approval. 
 The North Carolina Eastern Municipal Power Agency (NCEMPA) is the wholesale 
supplier to 32 cities and towns in eastern North Carolina. NCEMPA owns portions of 
58 
 
approximately700 MW of Progress generating capacity with Supplemental Load Agreements 
through 2017 (NCUC 2013b). The North Carolina Municipal Power Agency No. 1 (NCMPA1) 
is the wholesale supplier to 19 cities and towns in Western North Carolina. NCMPA1 has a 75 
percent ownership interest of 832 MW of capacity of Catawba Nuclear Unit 2, which is operated 
by Duke and is supplanted from McGuire Nuclear Station and Catawba Unit 1. To further meet 
its power requirements, NCMPA1 has purchase power agreements with Duke, Southern Power, 
and SEPA. NCMPA1 also owns 65 MW of diesel-fueled distributed generation located at certain 
city delivery points, and has contracts for an additional 90 MW of generation owned by 
municipalities and retail customers which is available during times of high demand and spiking 
wholesale prices. NCMPA1 also owns two gas turbine generators located in Monroe that provide 
an additional 24 MW of peaking and reserve capacity (NCUC 2013b). 
Tennessee Valley Authority (TVA) 
 The TVA supplies power to Murphy Power Board. It also serves three out-of-state 
cooperatives that supply power to portions of North Carolina: Blue Ridge Mountain EMC, Tri-
State EMC, and the Mountain Electric Cooperative. 
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APPENDIX B: RENEWABLE SOURCES 
 Table B.1 summarizes the potential renewable electricity (RE) and renewable natural gas 
(RNG) that can be harvested in North Carolina. RE includes medium to large-scale solar, 
offshore wind, biomass, and hydropower. RNG includes methane collected from landfills, 
wastewater treatment plants (WWTPs), and concentrated animal farm operations (CAFOs). Solar 
energy is 90 percent of the potential RE in North Carolina. These resources are located primarily 
in central North Carolina (see Figure B.1). This inventory is used to determine the quantity of 
light-duty (LD) plug-in hybrid electric vehicles (PHEVs) and heavy-duty (HD) short haul trucks 
and transit buses that can be supported annually from 2015-2030. 
Table B.1 Potential Annual Renewable Energy Capacity in North Carolina 
Renewable Energy Categories * Energy (MMbtu) Gasoline Gallon Equivalent (GGE) Percentage 
Solar 6,500,000,000  21,000,000,000   90% 
Offshore Wind 520,000,000 46,000  7% 
Biomass 14,000,000 5,200,000  0.2% 
Hydropower 29,000  19,000  0.0004% 
Landfill 15,000,000 130,000,000   2% 
Concentrated Animal Farms ** 6,500,000  32,000,000 0.4% 
Wastewater Treatment Plants ** 4,300  1,600  0.00002% 
Total 7,200,000,000 N/A 100% 
* System losses are not included
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Figure B.1 Location of Renewable Energy in North Carolina by County (NREL 2013)  
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 Similarly, the electric grid in North Carolina experiences a 7 percent loss during 
transmission, distribution, and fuel-to-energy conversion. Reductions due to capacity factor
28
 and 
generator efficiency
29
 are included in the electricity calculations. Only 27.5 percent of the RE 
and RNG calculated is allocated to transportation (EIA 2014a). 
Renewable Natural Gas 
 Renewable natural gas is derived from methane collected from landfills, wastewater 
treatment plants, and concentrated animal farm operations (CAFOs). North Carolina has the 
potential to produce 164 million gasoline gallon equivalents (GGEs) from CNG (see Table B.2 
and Table B.3). These RNG resources are located in Central and Western North Carolina (see 
Figure B.3). 
Table B.2 Annual Transportation Energy of Renewable Natural Gas 
Renewable Natural Gas  * Energy (MMbtu) CNG Fuel (GGE) 
Landfill           15,000,000          132,000,000  
WWTP    4,300     1,600  
CAFO             6,500,000            32,000,000  
Total            22,000,000          164,000,000  
* 
System losses are not include. 
                                                 
28
 The capacity factor accounts for fuel availability, operating load, and parasitic losses from the electricity 
generating unit. 
29
 Generator efficiency is the amount of energy used by the generator to produce one kilowatt hour (kWh) of 
electricity. 
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Figure B.3 Annual Renewable Natural Gas in North Carolina by County 
 
Table B.3 Annual Transportation Energy from RNG by County 
County   Cattle  Swine  Poultry  Landfill   WWTP  
 Alamance  80,995         8,066        -     5,095,091       914  
 Alexander  148,487  -          -    -             -    
 Alleghany  103,954  -          -    -             -    
 Anson  15,100    219,579  18,414   8,976,356       116  
 Ashe           -    -          -    -             -    
 Avery           -    -          -    -             -    
 Beaufort           -    -          -    -             -    
 Bertie           -    -          -    -             -    
 Bladen           -    -          -    -             -    
 Brunswick           -    -          -    -             -    
 Buncombe  54,321  -          -     4,557,225    1,329  
 Burke           -    -          -    -             -    
 Cabarrus  11,074      13,592        -    34,196,967       881  
 Caldwell           -    -          -    -             -    
 Camden           -    -          -    -             -    
 Carteret           -    -          -    -             -    
 Caswell  20,134  -          -    -             -    
 Catawba  40,016  -          -     8,406,265       748  
 Chatham  133,362    125,020        -    -         158  
 Cherokee  10,067  -          -    -             -    
 Chowan           -    -          -    -             -    
 Clay           -    -          -    -             -    
 Cleveland  42,621  -          -     2,595,231       678  
 Columbus           -    -          -    -             -    
 Craven           -    -          -    -             -    
 Cumberland           -    -          -    -             -    
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 Currituck           -    -          -    -             -    
 Dare           -    -          -    -             -    
 Davidson  64,931      10,580        -    -         621  
 Davie  21,600  -          -    -             -    
 Duplin           -    -          -    -             -    
 Durham  12,022  -          -     2,192,018    1,329  
 Edgecombe           -    -          -    -             -    
 Forsyth           -    -          -    -             -    
 Franklin  50,794    263,952        -    -         100  
 Gaston  39,009  -          -     1,600,467    1,163  
 Gates           -    -          -    -             -    
 Graham           -    -          -    -             -    
 Granville  35,234      16,884        -    -         299  
 Greene           -    -          -    -             -    
 Guilford  73,740      87,279        -     4,905,761    2,725  
 Halifax  29,304    558,601  19,554  -         277  
 Harnett           -    -          -    -             -    
 Haywood  89,746  -          -      875,934       199  
 Henderson  91,860  -          -     1,278,677       160  
 Hertford           -    -          -    -             -    
 Hoke           -    -          -    -             -    
 Hyde           -    -          -    -             -    
 Iredell  951,674  -          -     2,223,200       582  
 Jackson           -    -          -    -             -    
 Johnston           -    -          -    -             -    
 Jones           -    -          -    -             -    
 Lee           -    -          -    -             -    
 Lenoir           -    -          -    -             -    
 Lincoln  170,971  -          -     1,188,127       199  
 Macon           -    -          -    -             -    
 Madison           -    -          -    -             -    
 Martin           -    -          -    -             -    
 McDowell  10,067  -          -    -         100  
 Mecklenburg           -    -          -    -             -    
 Mitchell           -    -          -    -             -    
 Montgomery           -    -          -    -             -    
 Moore           -    -          -    -             -    
 Nash           -    -          -    -             -    
 New Hanover           -    -          -    -             -    
 Northampton           -    -          -    -             -    
 Onslow           -    -          -    -             -    
 Orange  43,288      53,772  19,554    619,153       582  
 Pamlico           -    -          -    -             -    
 Pasquotank           -    -          -    -             -    
 Pender           -    -          -    -             -    
 Perquimans           -    -          -    -             -    
 Person  20,134      80,867        -     3,230,315       166  
 Pitt           -    -          -    -             -    
 Polk           -    -          -    -             -    
 Randolph  513,953    413,032        -     1,105,398       299  
 Richmond           -    -          -    -             -    
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 Robeson           -    -          -    -             -    
 Rockingham  22,852      40,134        -     2,756,040       847  
 Rowan  108,219      14,560        -     4,489,824       166  
 Rutherford           -    -          -    -             -    
 Sampson  65,435  20,004,174        -    26,842,770       166  
 Scotland           -    -          -    -             -    
 Stanly  21,040      34,817        -     1,590,063       532  
 Stokes  21,848  -          -    -             -    
 Surry  40,720    138,198        -     2,350,861       698  
 Swain           -    -          -    -             -    
 Transylvania           -    -          -    -             -    
 Tyrrell           -    -          -    -             -    
 Union           -    -          -    -             -    
 Vance           -    -          -    -             -    
 Wake    9,664      27,788        -     7,327,186    3,071  
 Warren  20,134    395,443        -    -             -    
 Washington           -    -          -    -             -    
 Watauga           -    -          -    -             -    
 Wayne    8,054   5,842,942        -     1,741,393       472  
 Wilkes  121,617  -          -     1,834,225       326  
 Wilson           -    -          -    -             -    
 Yadkin  97,699    232,295        -    -             -    
 Yancey           -    -          -    -             -    
Landfills 
 The Environmental Protection Agency (EPA)’s list of potential and candidate landfills 
for energy generation projects, compiled by the Landfill Methane Outreach Project (LMOP), is 
used to identify viable sites. Based on the EPA criteria, candidate sites are qualified as currently 
accepting waste or have been closed for five years or less, have at least one million tons of waste, 
and without an existing gas-to-energy project in operation or under construction. A landfill is 
considered to be a potential site if it does not meet the candidate definition due to incomplete 
data (EPA 2013b).  
 Landfills with nonoperational energy generation systems are not included in this study. 
Furthermore, operational landfill systems and systems under construction are not included 
because the energy potential for those landfills is already allocated for some other use. All of the 
other landfills in North Carolina listed by the LMOP fall within the scope of this study. 
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 The permitted waste capacity was used to determine the total annual energy potential of 
the landfill (NC DENR 2010) (see Table B.2). It is assumed that the landfill gas that is collected 
has a methane content of 50 percent (EPA 2013a). Another 13 percent is assumed to be lost in 
system leakages (Kirchgessner et al. 1997). The following equation was used to calculate the 
maximum annual heat energy capacity in landfills     : 
    
     
    
                
    
   
   
     
     
             
     
 
          
      
     
 The gasoline gallon equivalent             is the transportation energy produced by a 
landfill methane collection system and a natural gas compression system for CNG vehicles: 
          
   
    
      
     
    
  
     
          
 
Concentrated Animal Feeding Operations (CAFOs) 
 CAFOs are high density livestock operations where animals are confined and maintained 
for at least 45 days annually and crops are not sustained during the normal growing season. 
Animal waste is collected and processed to produce methane gas. The methane gas is then 
purified and compressed for transportation applications. North Carolina can potentially produce 
32 million gasoline gallon equivalents (GGEs) of CNG (see Table B.4).  
Table B.4 Annual Transportation Energy of CAFOs (NC DENR 2013a)  
CAFO Categories * Energy (MMbtu) CNG Fuel (GGE) 
Swine             5,800,000            29,000,000  
Cattle  690,000              3,400,000  
Poultry  12,000   58,000  
Total             6,500,000            32,000,000  
* 
Does not include system losses 
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 The 2013 permits issued by the North Carolina Department of Environment and Natural 
Resources (NC DENR) were used to identify potential energy production sites. The criteria used 
to determine the eligible farms are based on the energy capacity of anaerobic digesters currently 
in operation throughout the United States. North Carolina cattle, dairy, hog, and poultry farms 
that generated at least 9,676 MMbtu, 1,500 MMbtu, 2424 MMbtu, and 5,519 MMbtu annually 
were included in the calculation (AgSTAR 2013). It is assumed that “mixed type” anaerobic 
digesters are installed, thus maximizing methane production. In this study, energy content is 
based on the animal type, age, and gender (see Table B.5). 
Table B.5 Energy Conversion Constants (Darmawan Prasodjo et al. 2013; Barker 2001) 
 Animal Constant 
(MMbtu/Year) 
  Animal Constant 
(MMbtu/Year) 
Swine Poultry 
Boar Stud 1.33 Layers 0.0657 
Farrow to Wean 1.37 Laying Chickens 0.0657 
Farrow to Feeder 1.86 Non Laying Pullets 0.0657 
Farrow to Finish 21.3 Cattle 
Feeder to Finish 2.71 Beef Brood Cow 6.059 
Wean to Feeder 0.5 Beef Feeder 6.059 
Wean to Finish 2.4 Beef Stocker Calf 6.059 
Gilts 2.71 Dairy Calf 10.147 
 It is assumed that 35 percent of the initial heat energy   
       
) will be used to operate 
the anaerobic digester and farm facilities (Balsam and Ryan 2006).  
         
     
    
    
                   
        
                              
     
    
       
It is also assumed that a loss of 13 percent of methane gas will occur due to overall system 
leakages (Kirchgessner et al. 1997). The following equation was used to calculate the methane 
gas by volume         at each permitted farm. 
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Converting back to heat energy units        : 
      
     
    
        
     
    
  
             
      
 
        
            
 
      
             
 
The gasoline gallon equivalent               of the transportation energy produced by a 
CAFO anaerobic digester and natural gas compression system is: 
            
   
    
        
     
    
  
     
          
 
Wastewater Treatment Plants (WWTPs) 
 Active National Pollutant Discharge Elimination System (NPDES) permits and the North 
Carolina Department of Environment and Natural Resources (NC DENR) Local Water Supply 
Plans database were used to compile a list of facilities included in this study. Only municipal and 
domestic wastewater treatment plants are included in the scope of work. Groundwater 
remediation and industrial/commercial plants were excluded (NC DENR 2013b; NC DENR 
2013c; NC DENR 2013d). WWTPs that have a daily flow of 3 million gallons per day (MGD) 
were included in the study (EERE 2005).  
 Heidrich et al. (2011) estimates 7.6 kJ of energy for every liter or 0.09 MWd per MG of 
human wastewater. The energy calculations are based on the average daily inflow of wastewater 
and the maximum permitted inflow. Only 27.5 percent of the energy is used for transportation. It 
is assumed that 35 percent of the initial heat energy          will be used to operate the 
anaerobic digester (Balsam and Ryan 2006).  
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 A 13 percent loss of methane gas will occur due to system leakages (Kirchgessner et al. 
1997). The following equation was used to calculate the methane gas by volume       at each 
permitted wastewater treatment plant. 
    
     
    
          
     
    
  
            
      
 
            
        
 
      
             
      
Converting back to heat energy        
    
     
    
      
     
    
  
             
      
 
        
            
 
      
             
 
 The gasoline gallon equivalent             of the transportation energy produced by a 
wastewater anaerobic digester and natural gas compression system is: 
          
   
    
      
     
    
  
     
          
 
Renewable Electricity 
 The technologies included in this study are medium to large-scale solar farms, offshore 
wind, hydropower, and biomass. RNG derived from landfill gas generators, and anaerobic 
digestion in WWTPs and CAFOs can also be converted to RE, but is not included in the RE 
calculations. The RE harvested in North Carolina can produce approximately 21 billion GGE 
(see Table B.6 and Table B.7). 
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Table B.6 Annual Transportation Energy from Renewable Electricity in North Carolina (NREL 
2011; SERC 2013; EIA 2014a; EIA 2010) 
Renewable Electricity * Energy (MMbtu) Transportation Energy (GGE) 
Solar 6,500,000,000             21,000,000,000  
Biomass    14,000,000      5,200,000  
Offshore Wind  520,000,000           46,000  
Hydropower           29,000           19,000  
Total  7,000,000,000             21,000,000,000  
* 
System losses are not included 
Table B.7 Annual Transportation Energy from Renewable Electricity by County 
County   Solar (GGE)  Biomass (GGE) Hydro (GGE)  Offshore Wind (GGE) 
 Alamance  349,805,654   27,187      13         -    
 Alexander  123,128,208     7,011       -           -    
 Alleghany    94,906,558     1,216       -           -    
 Anson  636,153,812   33,099       -           -    
 Ashe    15,244,807     3,662       -           -    
 Avery      6,485,754     1,217       -           -    
 Beaufort  345,392,507  259,942       -           -    
 Bertie  474,401,082  107,293       -           -    
 Bladen  480,684,416   83,393       -           -    
 Brunswick  101,688,300   25,028       -    46,107  
 Buncombe    18,294,441   16,527      21         -    
 Burke    15,358,709     8,516    549         -    
 Cabarrus  168,579,226   28,032       -           -    
 Caldwell    74,683,575     8,694       -           -    
 Camden    23,033,337   97,473       -           -    
 Carteret            51,013   78,527       -           -    
 Caswell  390,688,480     5,718       -           -    
 Catawba    36,034,080   24,534    357         -    
 Chatham  776,427,176   23,428      50         -    
 Cherokee    49,877,560     3,957  1,981         -    
 Chowan    87,926,767   45,974       -           -    
 Clay      6,940,685         753    124         -    
 Cleveland  165,422,009   24,456       -           -    
 Columbus  550,946,026  154,097       -           -    
 Craven  300,497,083  100,252       -           -    
 Cumberland  453,300,502   67,183       -           -    
 Currituck      -              -         -           -    
 Dare      -              -         -           -    
 Davidson  181,762,174   33,993    295         -    
 Davie    36,465,648   21,935       -           -    
 Duplin  917,375,558  172,705       -           -    
 Durham    85,917,629   18,775       -           -    
 Edgecombe  325,706,209  113,637         9         -    
 Forsyth    85,089,059   31,412       -           -    
 Franklin  335,993,548   30,822       -           -    
 Gaston      7,859,339   15,791  3,473         -    
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 Gates  220,650,467   62,127       -           -    
 Graham      6,135,864         697  4,069         -    
 Granville  252,300,181   11,036       -           -    
 Greene  271,210,546   75,898       -           -    
 Guilford  103,571,829   53,706       -           -    
 Halifax  610,751,965  120,918  2,812         -    
 Harnett  101,565,922   53,811       -           -    
 Haywood    28,874,908     9,409  1,000         -    
 Henderson    11,861,781   10,063      57         -    
 Hertford  267,684,086   60,179       -           -    
 Hoke    89,916,719   37,728       -           -    
 Hyde    25,724,850  131,402       -           -    
 Iredell  230,278,395   46,414    249         -    
 Jackson    11,740,475     2,858    428         -    
 Johnston  405,867,241  110,664       -           -    
 Jones    62,053,680   57,322       -           -    
 Lee    19,216,182   11,974       -           -    
 Lenoir  933,498,806  116,696       -           -    
 Lincoln    66,418,511   14,774       -           -    
 Macon      5,339,661     2,932      10         -    
 Madison    66,948,869     1,409      46         -    
 Martin  121,367,006   87,070       -           -    
 McDowell    17,276,516     5,244       -           -    
 Mecklenburg    47,722,277   63,857       -           -    
 Mitchell      4,339,980     1,556       -           -    
 Montgomery      8,629,720   25,206    750         -    
 Moore  313,391,922   12,932       -           -    
 Nash  159,955,174   59,529       -           -    
 New Hanover      8,311,035   15,234       -           -    
 Northampton  965,658,246  101,608       -           -    
 Onslow  167,674,509   56,291       -           -    
 Orange    24,591,361   17,242       -           -    
 Pamlico    10,749,262   67,858       -           -    
 Pasquotank  206,190,996  147,515       -           -    
 Pender  162,860,837   42,882       -           -    
 Perquimans  130,875,655  117,460       -           -    
 Person  427,074,088   28,336       -           -    
 Pitt  479,514,826  149,348       -           -    
 Polk    16,208,109     1,449      48         -    
 Randolph  288,672,751   35,923       -           -    
 Richmond  235,822,614   10,468       -           -    
 Robeson  867,108,925  255,178       -           -    
 Rockingham  215,542,297   19,810    779         -    
 Rowan  198,668,578   56,079       -           -    
 Rutherford  206,954,156   12,982      32         -    
 Sampson  1,526,308,370  178,646       -           -    
 Scotland    78,607,138   30,795       -           -    
 Stanly  158,629,124   64,533  1,679         -    
 Stokes  230,002,008     7,648       -           -    
 Surry  134,309,276   38,141       -           -    
 Swain      7,190,626         908       -           -    
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 Transylvania      5,314,273     3,482       -           -    
 Tyrrell      -              -         -           -    
 Union  288,892,617  173,988       -           -    
 Vance    53,908,101   11,101       -           -    
 Wake    33,810,719   77,548       -           -    
 Warren  213,260,359   13,133       -           -    
 Washington      7,445,264  155,369       -           -    
 Watauga    11,067,823     3,518       -           -    
 Wayne    94,757,508  187,684       -           -    
 Wilkes  330,669,293   13,949       -           -    
 Wilson  861,343,450   88,304       -           -    
 Yadkin  178,127,754   45,967       -           -    
 Yancey    11,406,387     2,569       -           -    
Solar Energy 
 Mid-sized solar is defined as 1 MW – 4.9 MW (Johnson and Page 2014). Large- or 
utility-scale solar is defined as greater than 5 MW (Mendelsohn et al. 2012). Medium to large-
scale solar is the only solar application under consideration. Solar insolation is the amount of 
solar radiation on a given surface for a given amount of time. NREL provides solar insolation 
data for North Carolina (see Figure B.4), but it does not account for physical and policy 
obstructions to solar energy collection. 
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Figure B.4 Solar Radiation Potential in North Carolina (NREL 2013)  
 
 Inappropriate areas for medium to large-scale solar applications were excluded due to 
environmental characteristics, policy protections, and existing manmade infrastructure. The 
viable area for solar energy was calculated by eliminating areas of incompatible uses (see Table 
B.8, Figure B.5 and Figure B.6) using GIS. Incompatible uses include natural elements (surface 
waters, slopes greater than 20 degrees, flood zones), infrastructure
30
 (urban boundaries, roads, 
railroads, pipelines, transmission lines), and conservation areas (biodiversity habitats, forests). 
Based on these criteria, only 14 percent of land in North Carolina can be used for medium to 
large-scale solar collection. 
                                                 
30
 Due to this constraint, rooftop solar is not included in the scope of this study. 
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Figure B.5 Areas of Exclusion for Medium to Large-Scale Solar Applications – Non-forest 
 
Figure B.6 Areas of Exclusion for Medium to Large-Scale Solar Applications – Forest 
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Table B.8 Areas of Exclusion for Medium to Large-Scale Solar Applications (GICC 2014) 
Slope In ESRI grid format at 10-foot cell spacing for county level and 80 foot cell spacing for statewide 
level created from the elevation data. Values have been rounded to the nearest 10 degrees. The ten 
values are 0 to 90 by tens, with 0 being no slope, and 90 being for a steep cliff
31
. 
Urban 
boundary 
The boundaries for the 2000 Census urban areas in North Carolina. The boundaries were originally 
generated by the US Census Bureau and have been adjusted by the North Carolina Department of 
Transportation. 
Primary and 
secondary 
roads 
The North Carolina state road system where each arc/record is split at each state maintained road 
intersection. This is a digital file of the NCDOT’s Linear Referencing System that represents the 
routes and attributes of the NCDOT state road system. 
Surface 
Waters 
Consists of areas directly affecting surface waters consisting of streams and rivers, lakes, 
reservoirs, and shorelines. 
Railroads The NC Center for Geographic Information and Analysis combined the US Geological Survey-
National Mapping Division Railroads maps (1:100,000-scale) and the USGS's Digital Line Graph 
Program (1:24,000-scale) to develop the NC statewide Transportation-Railroads digital data as a 
base layer showing railroad features. 
Pipe and 
Transmission 
Lines 
The Pipe and Transmission data for their published maps created by the U.S. Geological Survey 
National Mapping Division (1:24,000-scale) 
Hurricane 
Storm Surge 
Areas 
The National Hurricane Center, in cooperation with the North Carolina Center for Geographic 
Information and Analysis, developed the GIS data set, Hurricane Storm Surge Inundation Areas. 
Land Trust 
Conservation 
The Conservation Fund initially coordinated the land trusts mapping efforts. The conservation 
areas were manually digitized by CGIA. This layer was created with the cooperation of The Clean 
Water Management Trust Fund. 
Managed 
Areas 
Fee simple properties and easements where conservation is one of the management goals. Includes 
a number of properties and easements that are not primarily managed for conservation, but that are 
of conservation interest. Conservation interests range from areas that support rare species and 
intact, high-quality natural communities to those that are open spaces in places where open space is 
scarce. This includes land owned by the federal government in North Carolina. 
NC Natural 
Heritage 
Program Land 
Terrestrial and aquatic sites that are of special biodiversity significance. Significance may be due to 
the presence of rare species, natural communities, or important animal assemblages. 
Rural Forest 
Priority 
Landscape 
Shows areas where forestry is an especially significant part of the rural landscape. 
Maintaining 
Viable Urban 
Forests 
Essential areas for restoring, conserving, and maintaining healthy urban trees and forests. These 
lands are experiencing rapid urbanization, increased amounts of impervious surface, and a higher 
number of catastrophic storm events, while also having tree canopy potential to offset the negative 
impacts of land-use change. 
Conserving 
Working 
Forest Lands 
Areas that should be targeted to prevent the loss of working forestlands from development and 
conversion to other non-forestry uses. These lands have high values for connectivity with other 
forestlands, water quality protection in existing high-quality waters, habitat for wildlife, and strong 
markets for hardwood and softwood products. 
 
  
                                                 
31
 Areas with slopes greater than 20 degrees were not considered to be viable for solar collection. For optimal 
conditions, solar panel tilt adjustment will occur twice a year: summer angle 11.6 degrees and winter angle 49.8 
degrees (Landau 2014). 
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 The available land in Figure B.7 may be subject to competing land uses in the future. 
Therefore, it is assumed that only 25 percent of the available land can be allocated for medium to 
large-scale solar energy applications. This is approximately 3 percent of the total land in North 
Carolina. 
Figure B.7 Available Areas for Medium to Large-scale Solar Energy Systems (GICC 2014) 
 
 Per the State Climate Office of North Carolina (2014), there is an average of 126 days 
with clear skies in North Carolina. Only 27.5 percent of all electricity generated will be allocated 
to the transportation sector (EIA 2014d). A 17 percent energy conversion equipment efficiency 
factor
32
 was used for North Carolina. The available solar power      is determined using the 
following: 
   
   
    
               
   
      
                
                
    
             
                                                 
32
 Monocrystalline and polycrystalline panels with module efficiencies of 18 and 15 percent, respectively, are the 
solar panels that are most commonly installed in North Carolina (Clean Energy Experts 2014). Sunpower, Q-Cells, 
and First Solar are top commercial solar panel manufacturers in the market which have efficiencies of 21.5, 17.4, 
and 16.1 percent, respectively (Cost of Solar 2013). An average of 17 percent is used as an energy conversion 
equipment efficiency factor for large-scale commercial solar panels in North Carolina. 
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The gasoline gallon equivalent        of the energy produced by solar energy system is: 
     
   
    
     
   
    
  
     
        
 
Wind Energy 
 According to Schwartz et al. (2010), viable wind energy systems utilize wind speeds of at 
least 7 meters per second (m/s). These resources are limited to Western North Carolina, near the 
mountains and Coastal North Carolina (see Figure B.8). 
Figure B.8 Land-based Wind Speeds in North Carolina (NREL 2013) 
 
 However, areas with viable wind resources in Western North Carolina are subject to the 
Mountain Ridge Protection Act of 1983 (see Figure B.9). This effectively prohibits the use of 
large-scale wind turbines in Western North Carolina to protect the aesthetics of the local 
mountain region.  
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Figure B.9 Protected Mountain Ridges in North Carolina (GICC 2014) 
 
 In contrast, there are offshore wind areas in North Carolina that are viable for build out. 
Due to the controversial nature of wind turbine siting, only a limited area is available in state and 
federal waters for wind energy generation. Limitations to the viable offshore wind deployment 
area include artificial and natural habitats, shipping fairways, lanes, and zones, anchorage areas, 
danger zones and restricted areas, and locations with unexploded ordnances (see Figure B.10).  
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Figure B.10 Areas of Exclusion for Wind Power Generation (NOAA 2014; GICC 2014) 
 
 In June 2014, efforts to map the sea floor were initiated to accurately identify additional 
areas for wind turbines placement. In light of those efforts, the wind energy calculations from the 
2010 Assessment of Offshore Wind Energy Resources for the United States report by NREL are 
used in this study (see Table B.9) (Schwartz et al. 2010).  
Table B.9 Available Areas for Commercial Offshore Wind Production (Schwartz et al. 2010) 
Project Name Area (hectacres) Wind Power (GW) Transportation Energy (GGE) 
Kitty Hawk 360,000 1.75   130,000  
Wilmington-East 110,000 0.560      40,000  
Wilmington-West 27,000 0.134        9,600  
Total 490,000 2.469   180,000  
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Figure B.11 Viable State and Federal Offshore Wind Resources in North Carolina (NOAA 2014) 
 
 Only 27.5 percent of all electricity generated will be allocated to the transportation sector 
(EIA 2014d). The available wind energy      is determined using the following: 
   
   
    
          
       
   
 
          
      
        
The gasoline gallon equivalent        of the transportation energy produced by offshore wind 
is: 
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Biomass Energy 
 Wood residues
33
 qualify as a renewable fuel source for electricity generation. This 
includes forest residues, primary mill residues, crop residues, and urban wood waste. Wood-
derived waste products define the scope of this calculation (see Figure B.12). The energy content 
for organic residues is shown in Table B.10. 
Figure B.12 Biomass Energy Resources (NREL 2013) 
 
  
                                                 
33
 Wood chips produced from whole trees were not included in this study. In 2011 the North Carolina Court of 
Appeals upheld the North Carolina Utilities Commission’s decision to redefine “biomass resource” to include wood 
chips from whole trees (Steelman 2011). 
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Table B.10 Heat Energy Content of Biomass Residues (NREL 2013) 
Type of wood residue Heat Energy per dry pound 
(btu/lb) 
Biomass Energy 
(MMbtu) 
Biomass  
(GGE) 
Forest and primary mill residue 8,570 570,000 4,900,000 
Crop residue 7,200
34
 12,000,000 120,000,000 
Urban Wood waste 6,150 1,700,000 15,000,000 
Total N/A 14,000,000 130,000,000 
 A 57 percent capacity factor accounts for fuel availability, operating load, and parasitic 
losses from the electricity generating unit (EIA 2014c). Only 27.5 percent of all electricity 
generated will be allocated to the transportation sector. The available biomass energy       for 
forest residues, primary mill residues, crop residues is determined using the following: 
         
   
    
                              
   
  
            
   
    
  
     
          
             
Due to the chemical content of urban wood waste, only approximately 35 percent of urban wood 
wastes were considered recoverable for incineration (EPA CHP Partnership 2007). The energy 
      from urban wood waste is calculated using: 
         
   
    
                       
   
  
            
   
    
  
     
          
                 
The gasoline gallon equivalent         of the transportation energy produced by biomass is: 
      
   
    
      
   
    
  
     
        
 
Hydroelectric Power 
 It is assumed that North Carolina will not add new hydroelectric capacity and most of the 
viable hydroelectric power      resources in North Carolina have already been deployed. The 
                                                 
34
The heat energy is taken as an average of corn stover dry pounds (7,560 btu/lb) and wheat straw dry pounds (6,840 
btu/lb) 
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Energy Information Administration reports an annual power production of 1,956 MW in 2010 
(see Figure B.13) (EIA 2010).  
Figure B.13 Hydropower Facilities in North Carolina (EIA 2014a)  
 
 An 85 percent capacity factor accounts for fuel availability, operating load, and parasitic 
losses from the electricity generating unit (EIA 2014c). It is also assumed that only 27.5 percent 
of the electricity generated will be used for transportation. The energy (  ) available from the 
electricity generation system is calculated using: 
               
   
   
    
           
       
   
 
          
      
             
The gasoline gallon equivalent        of the transportation energy produced by hydropower 
electricity generation system is: 
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APPENDIX C: AFLEET CALCULATIONS  
 The AFLEET tool is used to calculate the petroleum use, greenhouse gas (GHG) 
emissions and air pollutants (CO, NOX, PM 10, PM 2.5, and VOC) for a single type of vehicle. 
Four scenarios were examined. The baseline assumes that gasoline and diesel consumption will 
continue per historical trends. The second scenario utilizes CNG in HD vehicles. The third 
scenario gradually increases the use of electricity in LD vehicles per specific adoptions rates. 
The fourth case integrates alternative fuels in both light- and heavy-duty vehicles. 
Baseline: Gasoline and diesel 
 It is assumed that gasoline and diesel fuel consumption continues per historical trends. 
The AFLEET outputs for light-duty gasoline vehicles (LDGVs) and light-duty diesel vehicles 
(LDDVs) (i.e. passenger cars) are shown in Table C.1 and Table C.2, respectively. The AFLEET 
outputs for LD gasoline and diesel commercial trucks are shown in Table C.3 and Table C.4, 
respectively. The AFLEET outputs for diesel transit buses are shown in Table C.5. The AFLEET 
outputs for heavy-duty gasoline vehicles (HDGVs) and heavy-duty diesel vehicles (HDDVs) 
single unit short haul trucks are shown in Table C.6 and Table C.7, respectively. The total 
statewide impact of gasoline and diesel vehicles is shown in Table C.8.
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Table C.1 Typical AFLEET Outputs for Light-Duty Gasoline Passenger Vehicles by Age 
   
AFLEET OUTPUT FOR A SINGLE VEHICLE 
Year 
Model 
Year 
Gas 
(gal) 
Petroleum  
(barrels) 
GHG  
(short 
tons) 
Vehicle Operation Air Pollutant Emissions (lb) 
CO NOx PM10 
PM10 
TBW 
PM2.5 
PM2.5 
TBW 
VOC 
VOC 
Evap 
2030 2015 409 8.5 4.9 53.4 2.0 0.1 0.6 0.1 0.2 1.5 1.6 
2029 
 
409 8.5 4.9 
        
2028 
 
410 8.6 4.9 
        
2027 
 
410 8.5 4.9 
        
2026 
 
412 8.6 5.0 
        
2025 
 
413 8.6 5.0 
        
2024 
 
434 9.1 5.2 
        
2023 
 
464 9.7 5.6 
        
2022 
 
480 10.0 5.8 
        
2021 
 
496 10.3 6.0 
        
2020 
 
513 10.7 6.2 
        
2019 
 
526 11.0 6.3 
        
2018 
 
569 11.9 6.9 
        
2017 
 
582 12.1 7.0 
        
2016 
 
591 12.3 7.1 
        
2015 
 
600 12.5 7.2 
        
2014 2014 607 12.7 7.3 53.7 2.1 
      
2013 2013 614 12.8 7.4 53.9 2.1 
      
2012 2012 616 12.8 7.4 54.2 2.1       
2011 2011 607 12.7 7.3 54.4 2.1       
2010 2010    54.7 2.1       
2009 2009    55.2 2.3       
2008 2008    55.0 2.5     1.6  
2007 2007    55.6 2.6     1.7 1.7 
2006 2006    106.9 5.1 0.2  0.2  2.8 1.7 
2005 2005    141.4 5.4 0.2  0.2  3.6 1.8 
2004 2004    171.4 8.5 0.2  0.2  4.6 1.9 
2003 2003    179.5 14.7 0.2  0.2  5.4 3.5 
2002 2002    194.1 19.9 0.3  0.2  6.9 3.8 
2001 2001    200.9 21.2 0.3  0.3  7.5 3.8 
2000 2000    302.1 46.0 0.4  0.4  20.0 5.6 
1999 1999    305.7 46.4 0.4  0.4  21.5 5.8 
1998 1998    309.6 46.9 0.5  0.5  24.1 6.5 
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Table C.2 Typical AFLEET Outputs for Light-Duty Diesel Passenger Vehicles by Age 
   
AFLEET OUTPUT FOR A SINGLE VEHICLE 
Year 
Model 
Year 
Diesel 
(gal) 
Petroleum  
(barrels) 
GHG  
(short 
tons) 
Vehicle Operation Air Pollutant Emissions (lb) 
CO NOx PM10 
PM10 
TBW 
PM2.5 
PM2.5 
TBW 
VOC 
VOC 
Evap 
2030 2015 334 8.6 4.8 38.9 4.5 0.1 0.6 0.1 0.2 1.3 0.0 
2029 
 
334 8.6 4.8 
        
2028 
 
334 8.6 4.8 
        
2027 
 
334 8.6 4.8 
        
2026 
 
335 8.6 4.9 
        
2025 
 
335 8.6 4.9 
        
2024 
 
348 8.9 5.0 
        
2023 
 
358 9.2 5.2 
        
2022 
 
367 9.4 5.3 
        
2021 
 
376 9.7 5.5 
        
2020 
 
385 9.9 5.6 
        
2019 
 
394 10.1 5.7 
        
2018 
 
406 10.4 5.9 
        
2017 
 
411 10.5 6.0 
        
2016 
 
418 10.7 6.1 
        
2015 
 
421 10.8 6.1 
        
2014 2014 423 10.9 6.1 
        
2013 2013 426 10.9 6.2 
        
2012 2012 427 10.9 6.2         
2011 2011 506 13.0 7.3 38.8        
2010 2010    38.8        
2009 2009    13.1 14.0     0.9  
2008 2008    13.1 14.1     0.9  
2007 2007    13.3 14.2     0.9  
2006 2006    13.3 14.4 0.2  0.2  1.8  
2005 2005    10.1 91.1 0.2  0.2  5.1  
2004 2004    10.2 91.4 0.2  0.2  5.2  
2003 2003    10.3 91.6 4.2  4.1  5.3  
2002 2002    10.4 31.4 4.3  4.1  5.4  
2001 2001    10.5 31.7 4.3  4.2 0.2 5.4  
2000 2000    0.0 0.0 0.0 0.0 0.0 0.0 0.0  
1999 1999    0.0 0.0 0.0 0.0 0.0 0.0 0.0  
1998 1998    0.0 0.0 0.0 0.0 0.0 0.0 0.0  
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Table C.3 Typical AFLEET Outputs for Light-Duty Gasoline Commercial Trucks by Age 
   
AFLEET OUTPUT FOR A SINGLE VEHICLE 
Year 
Model 
Year 
Gas 
(gal) 
Petroleum  
(barrels) 
GHG  
(short 
tons) 
Vehicle Operation Air Pollutant Emissions (lb) 
CO NOx PM10 
PM10 
TBW 
PM2.5 
PM2.5 
TBW 
VOC 
VOC 
Evap 
2030 2015 480 10.0 5.8 181.0 14.9 0.3 1.3 0.3 0.4 3.6 2.8 
2029 
 
480 10.0 5.8 
      
  
2028 
 
480 10.0 5.8 
        
2027 
 
480 10.0 5.8 
        
2026 
 
480 10.0 5.8 
        
2025 
 
481 10.0 5.8 
        
2024 
 
504 10.5 6.1 
        
2023 
 
518 10.8 6.2 
        
2022 
 
545 11.4 6.6 
        
2021 
 
569 11.9 6.9 
        
2020 
 
595 12.4 7.2 
        
2019 
 
624 13.0 7.5 
        
2018 
 
659 13.7 7.9 
        
2017 
 
677 14.1 8.2 
        
2016 
 
708 14.8 8.5 
        
2015 
 
713 14.9 8.6 
        
2014 2014 721 15.0 8.7 182.3 15.0 
      
2013 2013 730 15.2 8.8 183.6 15.1 
      
2012 2012 733 15.3 8.8 184.9 15.2     3.7  
2011 2011 1,846 38.5 22.2 186.3 15.3     3.7  
2010 2010    187.6 15.4     3.7  
2009 2009    190.0 15.7     3.7  
2008 2008    191.5 16.0     3.8  
2007 2007    194.8 18.0     4.8 2.9 
2006 2006    299.4 22.6 0.5  0.4  6.8 3.0 
2005 2005    378.2 26.5 0.5  0.5  9.6 3.0 
2004 2004    518.2 42.6 0.5  0.5  20.6 3.3 
2003 2003    645.0 68.6 0.5  0.5  27.5 6.0 
2002 2002    701.7 78.9 0.6  0.6  32.3 6.4 
2001 2001    748.5 83.4 0.7  0.6  37.7 6.6 
2000 2000    980.4 127.6 1.0  0.9  88.3 9.8 
1999 1999    1,017.2 130.5 1.0  0.9  91.0 10.1 
1998 1998    1,018.9 130.4 1.1  1.0  93.3 11.6 
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Table C.4 Typical AFLEET Outputs for Light-Duty Diesel Commercial Trucks by Age 
   
AFLEET OUTPUT FOR A SINGLE VEHICLE 
Year 
Model 
Year 
Diesel 
(gal) 
Petroleum  
(barrels) 
GHG  
(short 
tons) 
Vehicle Operation Air Pollutant Emissions (lb) 
CO NOx PM10 
PM10 
TBW 
PM2.5 
PM2.5 
TBW 
VOC 
VOC 
Evap 
2030 2015 1,538 39.5 22.3 31.6 35.7 0.4 1.4 0.4 0.4 2.8 0.0 
2029 
 
1,538 39.5 22.3 
  
 
   
 
 
2028 
 
1,538 39.5 22.3 
        
2027 
 
1,538 39.5 22.3 
        
2026 
 
1,538 39.5 22.3 
        
2025 
 
581 14.9 8.4 
        
2024 
 
603 15.5 8.7 
        
2023 
 
630 16.2 9.1 
        
2022 
 
643 16.5 9.3 
        
2021 
 
656 16.8 9.5 
        
2020 
 
668 17.1 9.7 
        
2019 
 
679 17.4 9.8 
        
2018 
 
704 18.1 10.2 
        
2017 
 
711 18.2 10.3 
        
2016 
 
717 18.4 10.4 
        
2015 
 
722 18.5 10.5 
        
2014 2014 730 18.7 10.6 31.7 35.9 
      
2013 2013 732 18.8 10.6 31.8 36.0 
    
2.9 
 
2012 2012 1,538 39.5 22.3 31.8 36.1     2.9  
2011 2011    31.9 36.2     2.9  
2010 2010    32.0 36.3     2.9  
2009 2009    16.6 94.2     2.6  
2008 2008    16.8 94.6     2.7  
2007 2007    16.9 95.0     2.8  
2006 2006    124.7 197.5 12.5  12.2  31.1  
2005 2005    140.2 257.5 12.6  12.2  32.8  
2004 2004    140.5 258.1 12.6  12.2  33.0  
2003 2003    140.9 258.8 14.4  14.0  33.1  
2002 2002    211.5 237.5 16.6  16.1  49.7  
2001 2001    196.8 222.2 15.7  15.2  45.6  
2000 2000    221.1 248.4 17.2 1.5 16.7  52.4  
1999 1999    222.0 249.8 17.3 1.5 16.8  52.6  
1998 1998    236.5 265.4 18.2 1.6 17.7  56.7  
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Table C.5 Typical AFLEET Outputs for Heavy-Duty Diesel Transit Buses by Age 
   
AFLEET OUTPUT FOR A SINGLE VEHICLE 
Year 
Model 
Year 
Diesel 
(gal) 
Petroleum  
(barrels) 
GHG  
(short 
tons) 
Vehicle Operation Air Pollutant Emissions (lb) 
CO NOx PM10 
PM10 
TBW 
PM2.5 
PM2.5 
TBW 
VOC 
VOC 
Evap 
2030 2015 5,000 128.3 72.5 58.7 67.1 1.2 3.6 1.2 0.9 5.8 0.0 
2029 
 
5,000 128.3 72.5 
   
 
  
 
 
2028 
 
5,000 128.3 72.5 
        
2027 
 
5,000 128.3 72.5 
        
2026 
 
5,000 128.3 72.5 
        
2025 
 
5,833 149.7 84.6 
        
2024 
 
5,833 149.7 84.6 
        
2023 
 
5,833 149.7 84.6 
        
2022 
 
5,833 149.7 84.6 
        
2021 
 
7,000 179.6 101.5 
        
2020 
 
7,000 179.6 101.5 
        
2019 
 
7,000 179.6 101.5 
        
2018 
 
7,000 179.6 101.5 
        
2017 
 
7,000 179.6 101.5 
        
2016 
 
7,000 179.6 101.5 
        
2015 
 
8,750 224.5 126.9 
        
2014 2014 8,750 224.5 126.9 59.6 67.3 
      
2013 2013 8,750 224.5 126.9 60.6 67.5 
      
2012 2012 8,750 224.5 126.9 61.6 67.7       
2011 2011 10,000 256.6 145.0 62.6 67.9       
2010 2010    63.6 68.1     5.9  
2009 2009    65.0 316.7     5.9  
2008 2008    66.5 316.8     5.9  
2007 2007    68.3 317.1 1.5  1.5  5.9  
2006 2006    184.3 630.0 41.7  40.5  40.1  
2005 2005    186.0 630.2 41.7  40.5  40.2  
2004 2004    221.8 630.3 46.1  44.7  49.3  
2003 2003    223.6 630.5 46.1  44.7  49.4  
2002 2002    554.4 1,114.8 56.9  55.2  84.3  
2001 2001    556.4 1,114.9 56.9  55.2  84.4  
2000 2000    639.5 1,115.1 61.8  60.0  97.5  
1999 1999    641.6 1,115.3 61.8  60.0  97.5  
1998 1998    643.8 1,430.2 61.8  60.0  97.6  
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Table C.6 Typical AFLEET Outputs for Heavy-Duty Gasoline Short Ton Trucks by Age 
   
AFLEET OUTPUT FOR A SINGLE VEHICLE 
Year 
Model 
Year 
Gas 
(gal) 
Petroleum  
(barrels) 
GHG  
(short 
tons) 
Vehicle Operation Air Pollutant Emissions (lb) 
CO NOx PM10 
PM10 
TBW 
PM2.5 
PM2.5 
TBW 
VOC 
VOC 
Evap 
2030 2015 2,079 43.4 25.1 693.8 119.7 0.2 2.6 0.1 0.7 21.7 1.6 
2029 
 
2,297 47.9 27.7 
        
2028 
 
2,297 47.9 27.7 
        
2027 
 
2,297 47.9 27.7 
        
2026 
 
2,297 47.9 27.7 
        
2025 
 
2,532 52.8 30.5 
        
2024 
 
2,532 52.8 30.5 
        
2023 
 
2,532 52.8 30.5 
        
2022 
 
2,532 52.8 30.5 
        
2021 
 
2,782 58.0 33.5 
        
2020 
 
2,782 58.0 33.5 
        
2019 
 
2,782 58.0 33.5 
        
2018 
 
2,782 58.0 33.5 
        
2017 
 
3,086 64.4 37.2 
        
2016 
 
 
          
2015 
            
2014 2014 
   
702.0 120.4 
    
21.6 
 
2013 2013 
   
710.1 121.0 
    
21.5 
 
2012 2012    718.3 121.7     21.4  
2011 2011 3,185  38.4 726.5 122.3     21.4  
2010 2010    734.7 123.0     21.3  
2009 2009    760.8 123.0   0.2  21.3 1.7 
2008 2008    791.1 123.0   0.2  21.4 1.7 
2007 2007    823.5 128.0   0.2  25.0 1.8 
2006 2006    984.8 129.9 0.3  0.3  26.3 1.9 
2005 2005    1,056.0 130.7   0.3  28.0 2.0 
2004 2004    1,886.2 172.1   0.3  74.6 2.3 
2003 2003    1,961.1 184.6   0.3  75.8 4.4 
2002 2002    2,241.4 190.2   0.3  80.2 4.9 
2001 2001    2,356.7 193.1  2.7 0.4  87.0 5.2 
2000 2000    2,191.7 184.0  2.6 0.3  89.7 8.3 
1999 1999    2,323.9 187.3  2.7 0.4  93.9 8.9 
1998 1998    2,467.5 190.8  2.6 0.6  98.1 10.4 
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Table C.7 Typical AFLEET Output for Heavy-Duty Diesel Short Ton Trucks by Age 
   
AFLEET OUTPUT FOR A SINGLE VEHICLE 
Year 
Model 
Year 
Diesel 
(gal) 
Petroleum  
(barrels) 
GHG  
(short 
tons) 
Vehicle Operation Air Pollutant Emissions (lb) 
CO NOx PM10 
PM10 
TBW 
PM2.5 
PM2.5 
TBW 
VOC 
VOC 
Evap 
2030 2015 2,079 53.3 30.1 25.0 29.2 0.5 3.2 0.4 0.8 2.7 0.0 
2029 
 
2,297 58.9 33.3 
 
 
      
2028 
 
2,297 58.9 33.3 
        
2027 
 
2,297 58.9 33.3 
        
2026 
 
2,297 58.9 33.3 
        
2025 
 
2,532 65.0 36.7 
        
2024 
 
2,532 65.0 36.7 
        
2023 
 
2,532 65.0 36.7 
        
2022 
 
2,532 65.0 36.7 
        
2021 
 
2,782 71.4 40.3 
        
2020 
 
2,782 71.4 40.3 
        
2019 
 
2,782 71.4 40.3 
        
2018 
 
2,782 71.4 40.3 
        
2017 
 
3,086 79.2 44.8 
        
2016 
 
3,086 79.2 44.8 
        
2015 
 
3,086 79.2 44.8 
        
2014 2014 3,086 79.2 44.8 25.2 29.4 
  
0.5 
   
2013 2013 3,086 79.2 44.8 25.5 29.5 
  
0.5 
   
2012 2012 3,086 79.2 44.8 25.8 29.7   0.5    
2011 2011 3,185 81.7 46.2 26.1 29.9   0.5    
2010 2010    26.4 30.0   0.5    
2009 2009    27.8 131.5   0.5    
2008 2008    29.4 131.7   0.5    
2007 2007    31.2 131.9 0.6  0.6  2.8  
2006 2006    146.1 261.9 18.4  17.8  37.2  
2005 2005    148.3 262.2 18.4  17.8  37.4  
2004 2004    161.1 262.5 19.1  18.5  40.4  
2003 2003    163.6 262.7 19.1  18.5  40.5  
2002 2002    186.9 330.7 21.1  20.5  52.4  
2001 2001    186.6 324.4 20.9 3.0 20.2  53.5  
2000 2000    191.5 327.6 21.0 3.1 20.4  53.3  
1999 1999    194.5 326.5 20.9 3.1 20.3  53.8  
1998 1998    203.3 539.6 21.3 3.2 20.7  52.9  
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Table C.8 Statewide Impact of Gasoline and Diesel 
Year 
Petroleum 
(barrels) 
GHG 
Emissions 
(short tons) 
CO 
(lb) 
NOx 
(lb) 
PM10 
(lb) 
PM2.5 
(lb) 
VOC 
(lb) 
2015 88,276,669 50,688,183 551,416,005 52,908,962 6,968,512 2,971,619 25,548,796 
2016 87,710,922 50,363,197 547,916,342 52,584,594 6,923,928 2,952,668 25,384,165 
2017 87,080,515 50,001,089 544,011,225 52,220,801 6,874,235 2,931,536 25,200,861 
2018 86,413,747 49,618,110 539,877,468 51,834,564 6,821,670 2,909,176 25,007,074 
2019 85,792,640 49,261,353 536,027,553 51,475,105 6,772,705 2,888,349 24,826,537 
2020 85,203,477 48,922,944 532,375,911 51,134,248 6,726,260 2,868,594 24,655,278 
2021 84,601,672 48,577,282 528,644,057 50,785,278 6,678,814 2,848,410 24,480,393 
2022 83,876,194 48,160,612 524,138,247 50,361,567 6,621,602 2,824,059 24,269,752 
2023 83,174,494 47,757,599 519,779,847 49,951,628 6,566,264 2,800,505 24,066,022 
2024 82,489,260 47,364,254 515,576,206 49,552,672 6,512,245 2,777,591 23,366,360 
2025 81,856,543 47,000,652 511,593,845 49,181,692 6,462,328 2,756,266 23,683,371 
2026 81,203,138 46,625,382 507,534,195 48,799,443 6,410,797 2,734,330 23,493,695 
2027 80,528,658 46,238,015 503,341,930 48,404,144 6,357,599 2,711,682 23,297,945 
2028 79,851,178 45,848,929 499,130,053 48,006,673 6,304,163 2,688,931 23,101,349 
2029 79,182,676 45,465,001 494,973,482 47,614,250 6,251,434 2,666,479 22,907,372 
2030 78,539,746 45,095,759 490,975,996 47,236,876 6,200,723 2,644,887 22,720,813 
Total 766,988,360 8,347,312,361 802,052,500 105,453,279 44,975,080 386,009,783 766,988,360 
Compressed Natural Gas in Heavy-Duty Vehicles 
 HD gasoline and diesel vehicles are replaced with heavy-duty compressed natural gas 
(HD CNG) vehicles. The following assumptions are incorporated into the AFLEET model and 
statewide impact calculation:  
1. Light-duty vehicle growth increases per the Baseline scenario. 
2. Gasoline and diesel vehicle inputs are the only light-duty vehicles included in the 
AFLEET model. 
3. 27.5 percent of natural gas resources will be utilized as transportation fuel. 
4. Non-renewable natural gas resources are derived from North America and consist of 66 
percent conventional and 24 percent shale natural gas. 
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5. Landfill constants used in the AFLEET calculations are also used as proxy values for 
concentrated animal farm operations and wastewater treatment plants.  
6. RNG resources are utilized at full capacity. 
7. For the sake of comparison, conventional and shale NG quantities are equal to RNG 
quantities. 
 The quantity of HD CNG vehicles that can displace HDGV and HDDV each year per the 
available CNG transportation energy (see Table C.9) is shown in Table C10. 
Table C.9 Transportation Energy Allocated to Transit Buses and Short Haul Trucks 
 Percentage  of heavy 
duty vehicles 
Heat Energy  
(MMbtu/year) 
Transportation Energy 
(GGE/year) 
Transit Bus 19% 8,416,152  58,816,017  
Short Haul Truck 81% 35,496,181  248,063,950  
Total 100% 43,912,334  306,879,967  
Table C.10 Fuel Efficiencies and CNG Vehicle Quantities, 2015-2030 
Year Transit Bus 
Fuel Efficiency 
(miles/GGE) 
CNG buses to be 
added annually 
Short Haul Truck Fuel 
Efficiency 
(miles/GGE) 
CNG short haul trucks 
to be added annually 
2015 6.4  10,755  6.4  80,385  
2016 6.4  10,755  6.4  80,385  
2017 6.4  10,755  6.4  80,385  
2018 7.1  11,931  7.1  89,177  
2019 7.1  11,931  7.1  89,177  
2020 7.1  11,931  7.1  89,177  
2021 7.1  11,931  7.1  89,177  
2022 7.8  13,108  7.8  97,970  
2023 7.8  13,108  7.8  97,970  
2024 7.8  13,108  7.8  97,970  
2025 7.8  13,108  7.8  97,970  
2026 8.6  14,452  8.6 108,018  
2027 8.6  14,452  8.6 108,018  
2028 8.6  14,452  8.6 108,018  
2029 8.6  14,452  8.6 108,018  
2030 9.5  15,964  9.5 119,322  
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 The AFLEET outputs for CNG transit buses and single unit short haul trucks are shown 
in Table C.11 and Table C.12, respectively. The total statewide impact of LDGV, LDDV, 
HDDV, and HD conventional and shale CNG vehicles is shown in Table C.13. The total 
statewide impact of LDGV, LDDV, HDDV, and HD renewable CNG vehicles is shown in Table 
C.14. 
Table C.11 AFLEET Outputs for CNG Transit Buses 
   
AFLEET OUTPUT FOR A SINGLE VEHICLE 
Year 
Model 
Year 
CNG 
(GGE) 
Petroleum  
(barrels) 
GHG  
(short 
tons) 
Vehicle Operation Air Pollutant Emissions (lb) 
CO NOx PM10 
PM10 
TBW 
PM2.5 
PM2.5 
TBW 
VOC 
VOC 
Evap 
2015-
2030 
2015 3684 0.39 36 1566 47 1 4 1 1 58 0 
2014 2014 5469 0.58 54 1592 47 1 4 1 1 58 0 
2013 2013 5469 0.58 54 1619 47 1 4 1 1 58 0 
2012 2012 5469 0.58 54 1645 47 1 4 1 1 58 0 
2011 2011 11667 1.24 115 1671 48 1 4 1 1 58 0 
2010 2010 11667 1.24 115 1698 48 1 4 1 1 59 0 
2009 2009 11667 1.24 115 1737 222 1 4 1 1 59 0 
2008 2008 11667 1.24 115 1776 222 1 4 1 1 59 0 
2007 2007 11667 1.24 115 1823 222 1 4 1 1 59 0 
2006 2006 11667 1.24 115 4922 441 42 4 41 1 401 0 
2005 2005 11667 1.24 115 4967 441 42 4 41 1 402 0 
2004 2004 11667 1.24 115 5921 441 46 4 45 1 493 0 
2003 2003 11667 1.24 115 5971 441 46 4 45 1 494 0 
2002 2002 11667 1.24 115 14803 780 57 4 55 1 843 0 
2001 2001 11667 1.24 115 14856 780 57 4 55 1 844 0 
2000 2000 11667 1.24 115 17075 781 62 4 60 1 975 0 
1999 1999 11667 1.24 115 17131 781 62 4 60 1 975 0 
1998 1998 11667 1.24 115 17188 1001 62 4 60 1 976 0 
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Table C.12 AFLEET Outputs for CNG Short Haul Trucks 
   
AFLEET OUTPUT FOR A SINGLE VEHICLE 
Year 
Model  
Year 
CNG 
(GGE) 
Petroleum  
(barrels) 
GHG  
(short 
tons) 
Vehicle Operation Air Pollutant Emissions (lb) 
CO NOx PM10 
PM10 
TBW 
PM2.5 
PM2.5 
TBW 
VOC 
VOC 
Evap 
2015-
2030 
2015 2079 0.22 20 531 15 0 3 0 1 27 0 
2014 2014 3086 0.33 30 538 15 0 3 0 1 27 0 
2013 2013 3086 0.33 30 544 15 1 3 0 1 27 0 
2012 2012 3086 0.33 30 550 15 1 3 0 1 27 0 
2011 2011 3527 0.37 35 557 15 1 3 0 1 27 0 
2010 2010 3527 0.37 35 563 15 1 3 0 1 27 0 
2009 2009 3527 0.37 35 593 66 1 3 0 1 27 0 
2008 2008 3527 0.37 35 626 66 1 3 0 1 27 0 
2007 2007 3527 0.37 35 665 66 1 3 1 1 28 0 
2006 2006 3527 0.37 35 3112 131 18 3 18 1 372 0 
2005 2005 3527 0.37 35 3158 131 18 3 18 1 374 0 
2004 2004 3527 0.37 35 3431 131 19 3 19 1 404 0 
2003 2003 3527 0.37 35 3485 131 19 3 19 1 405 0 
2002 2002 3527 0.37 35 3981 165 21 3 21 1 524 0 
2001 2001 3527 0.37 35 3974 162 21 3 20 1 535 0 
2000 2000 3527 0.37 35 4078 164 21 3 20 1 533 0 
1999 1999 3527 0.37 35 4143 163 21 3 20 1 538 0 
1998 1998 3527 0.37 35 4330 270 21 3 21 1 529 0 
Table C.13 Statewide Impact of Conventional and Shale Natural Gas  
Year 
Petroleum 
(barrels) 
GHG 
Emissions 
(short tons) 
CO 
(lb) 
NOx 
(lb) 
PM10 
(lb) 
PM2.5 
(lb) 
VOC 
(lb) 
2015 73,672,731 46,914,677 694,505,646 48,949,442 6,944,164 2,965,729 31,346,336 
2016 73,099,684 46,588,994 691,165,859 48,630,457 6,899,749 2,946,827 31,187,820 
2017 72,461,060 46,226,103 687,440,725 48,272,724 6,850,247 2,925,750 31,011,399 
2018 70,054,744 45,416,833 702,073,033 47,558,324 6,798,316 2,903,711 31,570,871 
2019 69,425,504 45,059,301 698,401,248 47,204,863 6,749,540 2,882,939 31,397,147 
2020 68,828,631 44,720,157 694,918,487 46,869,693 6,703,273 2,863,237 31,232,347 
2021 68,218,922 44,373,740 691,359,759 46,526,552 6,656,010 2,843,106 31,064,083 
2022 65,753,003 43,530,695 705,639,575 45,775,336 6,599,452 2,819,082 31,607,450 
2023 65,041,978 43,126,793 701,485,410 45,372,274 6,544,331 2,795,592 31,411,531 
2024 64,347,953 42,732,609 697,474,347 44,979,803 6,490,516 2,772,737 30,719,984 
2025 63,706,515 42,368,175 693,682,989 44,615,254 6,440,801 2,751,471 31,043,549 
2026 61,066,346 41,505,839 711,041,999 43,857,009 6,389,964 2,729,893 31,713,661 
2027 60,382,859 41,117,614 707,047,029 43,468,354 6,336,975 2,707,307 31,525,456 
2028 59,696,316 40,727,663 703,033,646 43,077,566 6,283,749 2,684,617 31,336,452 
2029 59,018,864 40,342,882 699,073,110 42,691,744 6,231,228 2,662,226 31,149,972 
2030 56,650,434 39,713,166 719,355,941 42,221,793 6,201,696 2,653,420 31,953,780 
Total 1,051,425,545 694,465,242 11,197,698,802 730,071,189 105,120,012 44,907,644 501,271,837 
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Table C.14 Statewide Impact of Renewable Natural Gas  
Year 
Petroleum 
(barrels) 
GHG 
Emissions 
(short tons) 
CO 
(lb) 
NOx 
(lb) 
PM10 
(lb) 
PM2.5 
(lb) 
VOC 
(lb) 
2015 73,632,723 43,263,637 694,505,646 48,949,442 6,944,164 2,965,729 31,346,336 
2016 73,059,647 42,935,200 691,165,859 48,630,457 6,899,749 2,946,827 31,187,820 
2017 72,420,989 42,569,208 687,440,725 48,272,724 6,850,247 2,925,750 31,011,399 
2018 70,009,709 41,306,924 702,073,033 47,558,324 6,798,316 2,903,711 31,570,871 
2019 69,380,435 40,946,323 698,401,248 47,204,863 6,749,540 2,882,939 31,397,147 
2020 68,783,530 40,604,269 694,918,487 46,869,693 6,703,273 2,863,237 31,232,347 
2021 68,173,789 40,254,870 691,359,759 46,526,552 6,656,010 2,843,106 31,064,083 
2022 65,702,901 38,958,474 705,639,575 45,775,336 6,599,452 2,819,082 31,607,450 
2023 64,991,838 38,551,054 701,485,410 45,372,274 6,544,331 2,795,592 31,411,531 
2024 64,297,776 38,153,552 697,474,347 44,979,803 6,490,516 2,772,737 30,719,984 
2025 63,656,303 37,785,827 693,682,989 44,615,254 6,440,801 2,751,471 31,043,549 
2026 61,010,465 36,406,249 711,041,999 43,857,009 6,389,964 2,729,893 31,713,661 
2027 60,326,941 36,014,624 707,047,029 43,468,354 6,336,975 2,707,307 31,525,456 
2028 59,640,361 35,621,253 703,033,646 43,077,566 6,283,749 2,684,617 31,336,452 
2029 58,962,872 35,233,094 699,073,110 42,691,744 6,231,228 2,662,226 31,149,972 
2030 56,588,071 34,021,928 719,355,941 42,221,793 6,201,696 2,653,420 31,953,780 
Total 1,050,638,350 622,626,488 11,197,698,802 730,071,189 105,120,012 44,907,644 501,271,837 
Electricity in Light-Duty Vehicles 
 In this case, plug-in hybrid electric vehicles (PHEVs) replace LDGV and LDDV per the 
annual adoption rates shown in Figure C.1. The following assumptions are incorporated into the 
AFLEET model and statewide impact calculation:  
1. Heavy-duty vehicle growth increases per the Baseline scenario.  
2. 27.5 percent of the electricity will be used for transportation.  
3. The electricity mixes that are used to fuel PHEVs are shown in Appendix C, Table C.15.  
4. PHEV passenger cars were registered in North Carolina starting 2010.  
5. PHEV commercial trucks will enter the marketplace in 2015. 
6. The PHEV adoption rates that are examined are shown in Figure C.1. 
 97 
 
Table C.15 Electricity Generation Mix in North Carolina (EIA 2014d; ANL 2013) 
Fuel Type SERC - 2010 North 
Carolina Electricity Mix 
Conventional  
Electricity 
Renewable  
Electricity 
Residual oil 0.2% 0.4% 0.2% 
Natural gas 24.5% 25.2% 40.0% 
Coal 35.6% 43.7% 10.0% 
Nuclear power 27.5% 26.4% 27.5% 
Biomass 9.5% 0.4% 10.0% 
Others (Wind, Solar, Hydro, etc) 2.6% 3.9% 12.3% 
Figure C.1 PHEV Adoption Levels 
 
 The fuel economy values in Table C.16 are derived from similar vehicle types and the 
fuel economy values are based on the 2014 Energy Information Administration’s report 2014 
Annual Energy Outlook and fueleconomy.gov.  
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Table C.16 PHEV Fuel Economy (DOE 2014; EIA 2014b) 
 
Commercial Truck Passenger Car 
Year gal/100 mi kwh/100 mi gal/100 mi kwh/100 mi 
2030 0.15 29.63 0.14 20.69 
2029 0.15 29.66 0.14 20.68 
2028 0.15 29.65 0.14 20.67 
2027 0.15 29.63 0.14 20.66 
2026 0.15 29.81 0.14 20.66 
2025 0.15 29.93 0.14 20.69 
2024 0.16 31.83 0.15 21.61 
2023 0.17 34.33 0.15 22.06 
2022 0.18 35.17 0.16 22.99 
2021 0.18 35.94 0.17 23.93 
2020 0.18 36.72 0.17 24.77 
2019 0.19 37.18 0.18 26.18 
2018 0.19 38.98 0.19 26.94 
2017 0.20 39.52 0.19 27.56 
2016 0.20 39.52 0.20 28.90 
2015 0.20 40.00 0.20 29.00 
2014 N/A N/A 0.2 29.00 
2013 N/A N/A 0.2 29.00 
2012 N/A N/A 0.2 29.00 
2011 N/A N/A 0.2 29.00 
2010 N/A N/A 0.2 29.00 
 The AFLEET outputs for a single PHEV passenger car and a single PHEV commercial 
truck are shown in Table C.17. The LD vehicle quantities are shown in Table C.18, and the 
AFLEET outputs for CE and RE are shown in Table C.19 and Table C.20, respectively for a 25 
percent adoption level by 2030. The LD vehicle quantities are shown in Table C.21, and the 
AFLEET outputs for conventional electricity and renewable electricity are shown in Table C.22 
and Table C.23, respectively for a 50 percent adoption level by 2030. 
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Table C.18 PHEV Quantities – 25 Percent Adoption Level 
Year 
Adjusted 
LDGV 
Adjusted 
LDDV 
LD 
PHEV 
Adjusted 
LDGT 
Adjusted 
LDDT 
LD PHEV 
Truck 
2015 3,935,418 54,594 42,101 1,831,140 27,644 33,965 
2016 3,868,739 53,719 81,956 1,800,170 27,177 67,524 
2017 3,799,874 52,811 121,175 1,768,184 26,694 100,600 
2018 3,730,128 51,887 159,725 1,735,791 26,205 166,449 
2019 3,663,048 50,998 197,746 1,704,639 25,735 247,977 
2020 3,559,707 49,600 274,074 1,656,615 25,010 328,490 
2021 3,457,043 48,208 349,223 1,608,906 24,289 407,864 
2022 3,350,645 46,761 422,607 1,559,461 23,543 566,317 
2023 3,246,602 45,344 494,765 1,511,112 22,813 722,283 
2024 3,145,444 43,964 565,874 1,464,107 22,103 876,063 
2025 3,045,818 42,603 635,788 1,417,814 21,404 1,027,460 
2026 2,947,560 41,258 704,493 1,372,158 20,715 1,176,451 
2027 2,849,825 39,917 771,777 1,326,746 20,030 1,244,856 
2028 2,753,289 38,592 837,773 1,281,893 19,353 1,311,942 
2029 2,693,801 37,783 866,670 1,254,289 18,936 1,377,907 
2030 2,635,830 36,994 895,250 1,227,394 18,530 1,443,082 
Table C.19 Conventional Electricity Statewide Impact – 25 Percent Adoption Level 
Year 
Petroleum 
(barrels) 
GHG 
Emissions 
(short tons) 
CO 
(lb) 
NOx 
(lb) 
PM10 
(lb) 
PM2.5 
(lb) 
VOC 
(lb) 
2015 80,220,080 46,037,540 532,787,820 53,626,184 6,532,608 2,790,149 23,737,926 
2016 79,168,493 45,432,181 528,602,821 53,189,941 6,497,662 2,774,818 23,559,787 
2017 78,066,992 44,798,213 524,053,996 52,716,669 6,457,980 2,757,462 23,365,255 
2018 76,963,017 44,163,065 522,737,791 52,466,586 6,457,211 2,755,039 23,292,640 
2019 75,918,756 43,562,316 523,375,132 52,363,603 6,479,939 2,761,835 23,296,311 
2020 74,384,505 42,678,573 520,271,940 51,958,086 6,472,171 2,756,758 23,162,719 
2021 72,854,719 41,797,448 517,103,697 51,546,751 6,463,119 2,751,150 23,026,073 
2022 71,286,833 40,895,031 521,515,283 51,652,459 6,545,258 2,780,425 23,173,725 
2023 69,756,442 40,014,182 525,947,051 51,765,027 6,627,154 2,809,681 23,322,971 
2024 68,224,295 39,132,815 530,302,984 51,867,345 6,706,178 2,837,966 23,730,044 
2025 66,816,137 38,321,758 534,987,644 52,021,190 6,791,792 2,868,788 23,631,266 
2026 65,374,247 37,491,837 539,365,236 52,141,886 6,871,646 2,897,411 23,780,043 
2027 63,881,867 36,632,521 535,473,829 51,673,702 6,850,566 2,886,962 23,612,386 
2028 62,403,984 35,781,582 531,565,797 51,205,065 6,828,760 2,876,227 23,443,874 
2029 61,437,226 35,225,711 531,324,045 51,039,349 6,836,991 2,877,303 23,411,574 
2030 60,498,214 34,685,779 531,194,183 50,886,404 6,846,453 2,878,932 23,384,523 
Total 1,127,255,807 646,650,553 8,450,609,249 832,120,247 106,265,489 45,060,905 374,931,117 
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Table C.20 Renewable Electricity Statewide Impact – 25 Percent Adoption Level 
Year 
Petroleum 
(barrels) 
GHG 
Emissions 
(short tons) 
CO 
(lb) 
NOx 
(lb) 
PM10 
(lb) 
PM2.5 
(lb) 
VOC 
(lb) 
2015 80,220,079 46,037,419 532,787,820 53,626,184 6,532,608 2,790,149 23,737,926 
2016 79,168,490 45,431,945 528,602,821 53,189,941 6,497,662 2,774,818 23,559,787 
2017 78,066,987 44,797,862 524,053,996 52,716,669 6,457,980 2,757,462 23,365,255 
2018 76,963,009 44,162,544 522,737,791 52,466,586 6,457,211 2,755,039 23,292,640 
2019 75,918,745 43,561,600 523,375,132 52,363,603 6,479,939 2,761,835 23,296,311 
2020 74,384,491 42,677,606 520,271,940 51,958,086 6,472,171 2,756,758 23,162,719 
2021 72,854,701 41,796,234 517,103,697 51,546,751 6,463,119 2,751,150 23,026,073 
2022 71,286,810 40,893,438 521,515,283 51,652,459 6,545,258 2,780,425 23,173,725 
2023 69,756,414 40,012,216 525,947,051 51,765,027 6,627,154 2,809,681 23,322,971 
2024 68,224,261 39,130,480 530,302,984 51,867,345 6,706,178 2,837,966 23,730,044 
2025 66,816,098 38,319,061 534,987,644 52,021,190 6,791,792 2,868,788 23,631,266 
2026 65,374,203 37,488,784 539,365,236 52,141,886 6,871,646 2,897,411 23,780,043 
2027 63,881,820 36,629,251 535,473,829 51,673,702 6,850,566 2,886,962 23,612,386 
2028 62,403,934 35,778,100 531,565,797 51,205,065 6,828,760 2,876,227 23,443,874 
2029 61,437,173 35,222,074 531,324,045 51,039,349 6,836,991 2,877,303 23,411,574 
2030 60,498,160 34,681,988 531,194,183 50,886,404 6,846,453 2,878,932 23,384,523 
Total 1,127,255,375 646,620,600 8,450,609,249 832,120,247 106,265,489 45,060,905 374,931,117 
Table C.21 PHEV Quantities – 50 Percent Adoption Level 
Year 
Adjusted 
LDGV 
Adjusted 
LDDV 
LD PHEV 
Car 
Adjusted 
LDGT 
Adjusted 
LDDT 
LD PHEV 
Truck 
2015 3,935,418 54,594 42,101 1,831,140 27,644 33,965 
2016 3,868,739 53,719 81,956 1,800,170 27,177 67,524 
2017 3,799,874 52,811 121,175 1,768,184 26,694 100,600 
2018 3,730,128 51,887 159,725 1,735,791 26,205 166,449 
2019 3,663,048 50,998 197,746 1,704,639 25,735 247,977 
2020 3,521,431 49,067 312,884 1,638,802 24,741 328,490 
2021 3,381,064 47,149 426,262 1,573,545 23,756 407,864 
2022 3,275,349 45,711 498,954 1,524,417 23,014 566,317 
2023 3,171,967 44,302 570,442 1,476,374 22,289 722,283 
2024 2,960,418 41,378 753,486 1,377,983 20,803 876,063 
2025 2,752,246 38,496 933,467 1,281,157 19,341 1,027,460 
2026 2,547,274 35,655 1,110,382 1,185,816 17,902 1,176,451 
2027 2,344,793 32,843 1,283,883 1,091,627 16,480 1,244,856 
2028 2,145,420 30,071 1,454,162 998,877 15,080 1,311,942 
2029 1,949,461 27,343 1,621,450 907,709 13,704 1,377,907 
2030 1,757,220 24,663 1,786,191 818,262 12,353 1,443,082 
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Table C.22 Conventional Electricity Statewide Impact – 50 Percent Adoption Level 
Year 
Petroleum 
(barrels) 
GHG 
Emissions 
(short tons) 
CO 
(lb) 
NOx 
(lb) 
PM10 
(lb) 
PM2.5 
(lb) 
VOC 
(lb) 
2015 80,220,081 46,037,558 532,787,820 53,626,184 6,532,608 2,790,149 23,737,926 
2016 79,168,495 45,432,217 528,602,821 53,189,941 6,497,662 2,774,818 23,559,787 
2017 78,066,994 44,798,265 524,053,996 52,716,669 6,457,980 2,757,462 23,365,255 
2018 76,963,019 44,163,134 522,737,791 52,466,586 6,457,211 2,755,039 23,292,640 
2019 75,918,759 43,562,402 523,375,132 52,363,603 6,479,939 2,761,835 23,296,311 
2020 73,858,361 42,374,936 516,381,813 51,638,875 6,440,067 2,744,166 23,018,527 
2021 71,810,291 41,194,628 509,381,482 50,913,089 6,399,389 2,726,154 22,739,841 
2022 70,251,775 40,297,651 513,862,236 51,024,469 6,482,099 2,755,653 22,890,057 
2023 68,730,442 39,422,062 518,360,848 51,142,518 6,564,546 2,785,126 23,041,782 
2024 65,608,733 37,623,913 511,210,529 50,285,681 6,545,347 2,774,941 22,045,446 
2025 62,780,129 35,991,965 505,144,698 49,572,308 6,545,501 2,772,190 22,525,121 
2026 59,870,977 34,314,997 498,672,319 48,802,646 6,535,810 2,765,693 22,271,743 
2027 56,938,269 32,624,181 484,129,561 47,460,391 6,426,822 2,720,766 21,709,296 
2028 54,046,199 30,956,834 469,762,901 46,133,486 6,318,699 2,676,177 21,153,142 
2029 51,202,664 29,317,479 455,641,111 44,828,725 6,212,374 2,632,324 20,606,387 
2030 48,416,966 27,711,434 441,852,829 43,554,906 6,109,107 2,589,740 20,073,099 
Total 1,073,852,152 615,823,655 8,055,957,885 799,720,078 103,005,160 43,782,235 359,326,359 
Table C.23 Renewable Electricity Statewide Impact – 50 Percent Adoption Level 
Year 
Petroleum 
(barrels) 
GHG 
Emissions 
(short tons) 
CO 
(lb) 
NOx 
(lb) 
PM10 
(lb) 
PM2.5 
(lb) 
VOC 
(lb) 
2015 80,220,079 46,037,429 532,787,820 53,626,184 6,532,608 2,790,149 23,737,926 
2016 79,168,491 45,431,964 528,602,821 53,189,941 6,497,662 2,774,818 23,559,787 
2017 78,066,989 44,797,890 524,053,996 52,716,669 6,457,980 2,757,462 23,365,255 
2018 76,963,011 44,162,581 522,737,791 52,466,586 6,457,211 2,755,039 23,292,640 
2019 75,918,748 43,561,646 523,375,132 52,363,603 6,479,939 2,761,835 23,296,311 
2020 73,858,345 42,373,849 516,381,813 51,638,875 6,440,067 2,744,166 23,018,527 
2021 71,810,270 41,193,215 509,381,482 50,913,089 6,399,389 2,726,154 22,739,841 
2022 70,251,748 40,295,846 513,862,236 51,024,469 6,482,099 2,755,653 22,890,057 
2023 68,730,409 39,419,870 518,360,848 51,142,518 6,564,546 2,785,126 23,041,782 
2024 65,608,692 37,621,151 511,210,529 50,285,681 6,545,347 2,774,941 22,045,446 
2025 62,780,079 35,988,641 505,144,698 49,572,308 6,545,501 2,772,190 22,525,121 
2026 59,870,920 34,311,122 498,672,319 48,802,646 6,535,810 2,765,693 22,271,743 
2027 56,938,206 32,619,898 484,129,561 47,460,391 6,426,822 2,720,766 21,709,296 
2028 54,046,129 30,952,151 469,762,901 46,133,486 6,318,699 2,676,177 21,153,142 
2029 51,202,589 29,312,402 455,641,111 44,828,725 6,212,374 2,632,324 20,606,387 
2030 48,416,885 27,705,969 441,852,829 43,554,906 6,109,107 2,589,740 20,073,099 
Total 1,073,851,588 615,785,624 8,055,957,885 799,720,078 103,005,160 43,782,235 359,326,359 
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Light-Duty PHEVs and Heavy-Duty CNG Vehicles  
 The quantities of PHEVs and CNG vehicles for the low PHEV adoption level are shown 
in Table C.24. The AFLEET outputs for CE and RE are shown in Table C.25 and Table C.26, 
respectively. The quantities of PHEVs and CNG vehicles for the moderate PHEV adoption level 
are shown in Table C.27. The statewide impact for CE and RE are shown in Table C.28 and 
Table C.29, respectively. 
Low PHEV Adoption Level and HD CNG Vehicles 
 In the low adoption scenario, 25 percent of LD vehicles transition to PHEVs by 2030. 
The use of CNG is maximized in HD vehicles.  
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APPENDIX D: INPUT CALCULATIONS 
 The AFLEET tool requires the annual vehicle miles travelled (VMTs) and the annual fuel 
use for a single vehicle type. The AFLEET default annual VMT values for each vehicle type 
were used as inputs (see Table D.1).  
Table D.1 AFLEET Default Annual Vehicle Miles Travelled  
Vehicle Type Class Emissions Comparison - AFV Annual VMT 
Passenger Car Light-duty Gasoline/Diesel/Electricity 12,400 
Commercial Truck Light-duty Gasoline/Diesel/Electricity 24,000 
Transit Bus Heavy-duty Diesel/CNG 35,000 
Single Unit Short Haul Truck Heavy-duty Gasoline/Diesel/CNG 16,500 
The annual fuel consumption is calculated from the fuel economy and annual VMT: 
                                                    
          
     
  
Fuel economy is obtained from the U.S. Energy Information Administration’s (EIA’s) Annual 
Energy Outlook 2014 (AEO2014) for gasoline, diesel, and compressed natural gas and 
incorporates federal fuel efficiency requirements up to 2030.  
Statewide Impact 
 The quantities of each vehicle type by class, fuel, and age is multiplied by the 
corresponding AFLEET output to determine the statewide impact of that vehicle type (see Figure 
D.1). 
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Total Vehicle Quantity 
 Vehicle registrations by class (      ) are available from the Federal Highway 
Administration (FHWA) for 2000-2011
35
. Four vehicle classes are examined: LD passenger cars, 
LD commercial trucks, transit buses, and HD single unit short haul trucks. To determine the total 
number of vehicle registrations up to 2030, the registered driver to vehicle ratio was calculated 
for 2000-2011: 
          
       
          
 
A regression analysis was done to determine the projected registered driver to total vehicle ratio 
2012-2030 (see Figure D.2).  
Figure D.2 Registered Driver to Total Vehicle Ratio (2000-2011) 
 
 Using the projected registered driver to vehicle ratio for 2000-2011, the total number of 
vehicle registrations for 2012-2030 can be projected using: 
                                                 
35
 Data tables MV-1 (automobile, bus, truck, and motorcycle state registrations) and MV-9 (truck, truck-tractor  state 
registrations) 
y = 0.0247x - 48.376 
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 There is a reduction in vehicle quantities from 2015-2030 (see Table D.2). This is likely 
due to a decrease in registered drivers up to 2030 which are based on the constraints of this 
study. By 2030, the baby boomer generation, born between 1946 and 1955, will be 75 years or 
older and will no longer be within the scope of potential drivers (15-74 years old) under 
consideration. By 2030, Millennials will be the largest group in the peak driving age (35-54 
years old). Recent reports indicate that the current driving habits of Millennials show a 
preference for public transportation and utilizing internet-based technologies (i.e. online 
shopping, online gaming, social networks, etc.) that create new avenues of communication and 
connected living that is not dependent of transportation. County population projections indicate a 
migration from rural to urban centers in North Carolina by 2030 which is consistent with 
Millennials’ preferences to live in walkable communities (OSBM 2013; Dutzik and Baxandall 
2013). Furthermore, a depressed economy and the subsequent increase in income inequity in 
North Carolina may result in decreased driving (Sommeiller and Price 2014). 
 Reduced VMTs over time also supports a trend of decreasing vehicle quantities. The 
Ambient Air Quality Improvement Act of 1999 has led to a reduction of 25.9 percent of VMTs 
throughout the state from 2000-2013
36
. Furthermore, new information technologies (i.e. high-
speed internet access, cloud networking) in urban areas can facilitate non-traditional employment 
structures, such as remote working, which can also result in VMT reductions.  
                                                 
36
 VMT reductions are based on commuter trips via public transit, light rail, vanpool, and carpool (TJCOG 2013) 
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Vehicle Quantity by Class 
 The next step is to determine the quantity of vehicle registrations by class (      ) from 
the total vehicle registrations (      ) for 2012-2030. The average percentage of each vehicle 
class for 2000-2011 (12 years) is calculated using the following equation and shown in Table 
D.2. 
            
 
           
      
         
           
      
     
  
 
Table D.2 Average Percentage of Vehicle Classes from 2000-2011 
Light-Duty Passenger 
Cars 
Light-Duty Commercial 
Trucks 
Heavy-Duty Buses Heavy-Duty Single Unit 
Short Haul Trucks 
66% 31% 0.5% 2.2% 
 
The projected vehicle registrations for 2012-2030 by class are calculated using the following 
equation and is shown in Table D.3: 
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Table D.3 Vehicle Registrations (2000-2011) and Projections (2012-2030) by Vehicle Type 
Year Registered 
Drivers 
Passenger 
Cars 
Passenger 
Trucks 
Buses Short Haul 
Trucks 
Total 
Vehicles 
Driver to Total 
Vehicle Ratio 
2000 5,980,670  4,189,913  1,807,993  30,631  146,977  6,175,514  0.9684  
2001 6,075,234  4,153,472  1,798,547  31,226  142,876  6,126,121  0.9917  
2002  6,159,804  4,118,249  1,801,428  31,518  138,886  6,090,081  1.0114  
2003 6,229,685  4,072,413  1,813,151  31,920  141,562  6,059,046  1.0282  
2004   6,321,391  4,088,748  1,869,043  32,815  141,308  6,131,914  1.0309  
2005 6,427,500  4,010,490  1,893,824  33,315  143,305  6,080,934  1.0570  
2006  6,578,881  4,096,931  1,953,583  33,720  147,043  6,231,277  1.0558  
2007 6,727,023  4,039,544  2,026,670  34,400  132,528  6,233,142  1.0792  
2008 6,866,308  3,990,605  2,008,930  34,904  125,285  6,159,724  1.1147  
2009  6,982,193  3,841,915  1,961,624  35,332  121,144  5,960,015  1.1715  
2010   7,131,298  3,634,795  1,879,140  34,380  113,941  5,662,256  1.2594  
2011 7,205,372  4,275,390  1,413,785  18,582  120,282  5,828,039  1.2363  
2012 7,287,322  3,785,324  1,733,702  29,028  122,425  5,519,026  1.3204  
2013 7,372,858  3,759,429  1,721,842  28,830  121,588  5,481,271  1.3451  
2014 7,457,260  3,733,900  1,710,150  28,634  120,762  5,444,050  1.3698  
2015 7,544,872  3,710,855  1,699,595  28,457  120,017  5,410,450  1.3945  
2016 7,632,592  3,688,663  1,689,431  28,287  119,299  5,378,095  1.4192  
2017  7,712,839  3,663,682  1,677,989  28,095  118,491  5,341,671  1.4439  
2018 7,787,863  3,637,101  1,665,815  27,892  117,631  5,302,916  1.4686  
2019  7,865,013  3,612,376  1,654,491  27,702  116,832  5,266,867  1.4933  
2020 7,943,224  3,588,935  1,643,755  27,522  116,074  5,232,690  1.5180  
2021   8,018,421  3,564,905  1,632,749  27,338  115,296  5,197,654  1.5427  
2022 8,079,854  3,535,609  1,619,331  27,113  114,349  5,154,941  1.5674  
2023   8,141,377  3,507,261  1,606,348  26,896  113,432  5,113,609  1.5921  
2024 8,204,672  3,480,531  1,594,105  26,691  112,568  5,074,636  1.6168  
2025 8,266,565  3,454,020  1,581,963  26,488  111,710  5,035,982  1.6415  
2026 8,326,689  3,427,566  1,569,847  26,285  110,855  4,997,413  1.6662  
2027  8,382,612  3,400,181  1,557,304  26,075  109,969  4,957,485  1.6909  
2028  8,436,146  3,372,630  1,544,686  25,863  109,078  4,917,315  1.7156  
2029 8,488,562  3,345,420  1,532,223  25,655  108,198  4,877,643  1.7403  
2030  8,541,707  3,319,254  1,520,240  25,454  107,352  4,839,494  1.7650  
Quantity by Fuel Type 
 The AFLEET inputs are distinguished by fuel type. The Environmental Protection 
Agency’s (EPA’s) State Inventory Tool (SIT) provides default values for gasoline, diesel, and 
CNG VMTs in North Carolina. The VMT percentages of each fuel type (              ) were 
used to determine the quantity of registered vehicles of a specific class          that use a 
specific fuel for 2000-2011. 
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 However, the EPA SIT model does not account for plug-in hybrid electric vehicles 
(PHEV). PHEV registrations will be determined independently and then subtracted from the 
light-duty gasoline passenger car registrations because current models of PHEVs are substitutes 
for LD gasoline passenger cars. PHEV estimates are obtained from reported quantities in the 
North Carolina Plug-in Electric Vehicle Taskforce Report for 2010-2013. The recorded quantity 
in 2013 is used to establish an initial value. As expected of a new product, the increase of EVs 
between 2010 and 2013 rises at high and unexpected rates. However, growth rates from 2010-
2013 are not included in the calculations.  
 It is expected that the PHEV-40 (all-electric range of 40 miles) has a sales growth rate of 
6% annual in the Southeast Atlantic Region (EIA 2014b). This growth rate is used to determine 
the quantity of PHEVs up to 2030 in North Carolina. These values are then adjusted to meet the 
increased PHEV adoption rates in Figure C.1 in Appendix C. The quantities by fuel type for 
passenger cars, commercial trucks, and HD vehicles are shown in Table D.4, Table D.5, and 
Table D.6, respectively.  
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Table D.4 Light-Duty Passenger Car Quantities by Fuel Type 
Year Gasoline  Diesel  PHEV   E85   LPG  CNG 
2000 4,126,712    61,390        -       251     838     722  
2001 4,093,401    58,175        -       298     857     740  
2002 4,058,355    57,817        -       367     909     802  
2003 4,011,581    57,867        -       721  1,143  1,101  
2004 4,027,385    57,858        -       985  1,220  1,300  
2005 3,950,353    57,103        -    1,157  1,178     699  
2006 4,030,475    63,618        -    1,180  1,005     653  
2007 3,959,039    76,742        -    1,891  1,021     852  
2008 3,909,664    76,822        -    2,229  1,060     830  
2009 3,787,896    50,395        -    2,294     643     687  
2010 3,583,024    47,976     209  2,448     496     642  
2011 4,215,211    55,313     291  2,894     570     816  
2012 4,067,982    61,424     708  1,443     930     838  
2013 4,035,160    60,942  1,600  1,432     923     831  
2014 4,003,738    60,469  1,696  1,421     916     825  
2015 3,975,170    60,040  1,798  1,411     909     819  
2016 3,947,693    59,626  1,906  1,401     903     813  
2017 3,917,396    59,171  2,020  1,390     896     807  
2018 3,885,550    58,692  2,141  1,379     889     801  
2019 3,855,840    58,245  2,270  1,368     882     794  
2020 3,827,642    57,822  2,406  1,358     875     789  
2021 3,798,948    57,391  2,550  1,348     869     783  
2022 3,764,769    56,877  2,703  1,336     861     776  
2023 3,731,726    56,380  2,865  1,325     854     769  
2024 3,700,523    55,912  3,037  1,314     847     763  
2025 3,669,661    55,449  3,220  1,303     840     756  
2026 3,638,963    54,988  3,413  1,292     833     750  
2027 3,607,373    54,515  3,617  1,281     825     744  
2028 3,575,699    54,040  3,834  1,270     818     737  
2029 3,544,475    53,572  4,065  1,259     811     731  
2030 3,514,440    53,122  4,308  1,248     804     725  
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Table D.5 Light-Duty Commercial Truck Quantities by Fuel Type 
Year Gasoline  Diesel  PHEV   E85   LPG  
2000 1,780,721  26,491     108     361  311  
2001 1,772,535  25,191     129     371  321  
2002 1,775,228  25,291     160     397  351  
2003 1,786,067  25,764     321     509  490  
2004 1,840,993  26,448     450     558  594  
2005 1,865,427  26,965     546     556  330  
2006 1,921,894  30,336     563     479  311  
2007 1,986,280  38,502     949     512  427  
2008 1,968,183  38,673  1,122     533  418  
2009 1,934,043  25,731  1,171     328  351  
2010 1,852,376  24,803  1,265     256  332  
2011 1,393,885  18,291     957     188  270  
2012 1,892,296  28,568     671     433  390  
2013 1,877,446  28,343     666     429  387  
2014 1,862,876  28,124     661     426  384  
2015 1,849,637  27,924     656     423  381  
2016 1,836,908  27,731     652     420  378  
2017 1,822,870  27,520     647     417  375  
2018 1,808,115  27,297     641     413  372  
2019 1,794,357  27,089     636     410  370  
2020 1,781,306  26,892     632     407  367  
2021 1,768,028  26,692     627     404  364  
2022 1,752,203  26,453     621     401  361  
2023 1,736,911  26,222     616     397  358  
2024 1,722,478  26,004     611     394  355  
2025 1,708,210  25,789     606     390  352  
2026 1,694,022  25,574     601     387  349  
2027 1,679,426  25,354     596     384  346  
2028 1,664,795  25,133     590     381  343  
2029 1,650,380  24,916     585     377  340  
2030 1,636,525  24,706     580     374  337  
 
  
 119 
 
Table D.6 Heavy-Duty Vehicle Quantities by Fuel Type 
 Transit Bus Single Unit Short Haul Truck 
Year Diesel  LPG  CNG Gasoline  Diesel E85 LPG LNG CNG 
2000   30,499    111  21  21,389  125,038    0       457   9   85  
2001   31,060    130  36  17,895  124,306    1       519        11        144  
2002   31,342    138  39  17,690  120,506    1       529        11        149  
2003   31,669    190  60  18,285  122,278    1       734        31        233  
2004   32,545    202  68  18,198  122,032    1       758        64        256  
2005   33,041    184  91  18,205  123,321    1       686      753        338  
2006   33,508    131  81    5,693  139,779    7       546      679        339  
2007   34,093    174  133    5,124  125,399  18       640      858        490  
2008   34,550    171  182    4,943  118,283  18       587      831        623  
2009   35,077    115  140    5,509  114,221  13       373      571        457  
2010   34,133    101  146    4,748  107,825  12       318      576        461  
2011   18,446      60  76    5,021  113,723  15       369      683        471  
2012   32,380    144  91  11,919  125,720    8       557      456        361  
2013   32,126    143  91  11,826  124,733    8       552      452        358  
2014   31,877    142  90  11,734  123,765    8       548      448        356  
2015   31,650    141  89  11,651  122,886    8       544      445        353  
2016   31,432    140  89  11,570  122,040    8       540      442        351  
2017   31,192    139  88  11,482  121,107    8       536      439        348  
2018   30,940    138  87  11,389  120,127    8       532      435        345  
2019   30,704    137  87  11,302  119,213    8       528      432        343  
2020   30,481    136  86  11,220  118,346    8       524      429        340  
2021   30,254    135  85  11,137  117,464    8       520      426        338  
2022   29,983    133  84  11,037  116,412    7       515      422        334  
2023   29,721    132  84  10,941  115,396    7       511      418        332  
2024   29,474    131  83  10,850  114,438    7       507      415        329  
2025   29,230    130  82  10,760  113,490    7       502      411        326  
2026   28,987    129  82  10,670  112,547    7       498      408        323  
2027   28,737    128  81  10,579  111,577    7       494      404        321  
2028   28,487    127  80  10,486  110,605    7       490      401        318  
2029   28,240    126  80  10,396  109,648    7       485      397        315  
2030   28,003    125  79  10,308  108,727    7       481      394        312  
Vehicle Quantity by Age  
 Age
37
 is incorporated into the AFLEET model because older vehicles may consume more 
fuel and emit more GHGs and air pollutants than newer vehicles. Table D.7 is an example of the 
age distribution in 2015. For example, in 2015, all of the LDGVs in North Carolina are at most, 
24 years old. The AFLEET model will separately calculate petroleum use, GHGs, CO, NOx, 
PM10, PM2.5, and VOC emissions for each of the 25 vehicle ages for that vehicle type. This 
                                                 
37
 The age distributions                  are provided by the EPA State Inventory Tool (SIT) default values. 
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includes year 0, which are vehicles that were manufactured in 2015. The vehicle quantity in a 
specific year, for a specific type, and for a specific age                  is calculated using: 
                                                                   
For example, if there are 1,000,000 light-duty gasoline vehicles (LDGVs) in 2015, the quantity 
of LDGVs that are 1 year old is: 
                                                               
                       
                                          
These calculations are repeated for LDGT, HDGV, LDDV, LDDT and HDDV from 2015 to 
2030. 
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Table D.7 Example of Vehicle Age Distributions for 2015 (EPA 2014) 
Year: 
2015 
Percentage of vehicles                  distributed by age, vehicle type and fuel * 
Age 
(years) 
Light-Duty 
Gasoline 
Passenger Car 
Light-Duty 
Gasoline 
Truck 
Heavy-Duty 
Gasoline 
Vehicle 
Light-Duty 
Diesel 
Passenger Car 
Light-Duty 
Diesel 
Truck 
Heavy-Duty 
Diesel 
Vehicle 
0 5% 6% 5% 5% 6% 4% 
1 7% 8% 9% 7% 7% 8% 
2 7% 7% 8% 7% 7% 7% 
3 7% 7% 7% 7% 6% 7% 
4 7% 7% 7% 7% 6% 6% 
5 7% 7% 6% 7% 6% 6% 
6 7% 6% 6% 7% 5% 5% 
7 7% 6% 5% 7% 5% 5% 
8 7% 6% 5% 7% 4% 5% 
9 6% 5% 4% 6% 4% 4% 
10 6% 5% 4% 6% 4% 4% 
11 5% 4% 4% 5% 4% 4% 
12 5% 4% 3% 5% 3% 3% 
13 4% 3% 3% 4% 3% 3% 
14 3% 3% 3% 3% 3% 3% 
15 2% 2% 2% 2% 3% 3% 
16 2% 2% 2% 2% 3% 3% 
17 1% 1% 2% 1% 2% 2% 
18 1% 1% 2% 1% 2% 2% 
19 1% 1% 2% 1% 2% 2% 
20 1% 1% 2% 1% 2% 2% 
21 1% 1% 1% 1% 2% 2% 
22 0% 1% 1% 0% 2% 2% 
23 0% 1% 1% 0% 2% 2% 
24 1% 5% 5% 1% 7% 7% 
25 0% 0% 0% 0% 0% 0% 
26 0% 0% 0% 0% 0% 0% 
27 0% 0% 0% 0% 0% 0% 
28 0% 0% 0% 0% 0% 0% 
29 0% 0% 0% 0% 0% 0% 
30 0% 0% 0% 0% 0% 0% 
* All default data from EPA, 2010. Inventory of U.S. Greenhouse Gas Emissions and Sinks: 1990-2008.  Data 
generated by EPA's MOBILE6 model.
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APPENDIX E: ALTERNATIVE FUEL ENERGY CAPACITY  
This table is adapted from the Alternative Fuels Comparison Chart issued by the Alternative 
Fuels Data Center 
Table E.1 Transportation Energy Conversion Constants 
 Gasoline Diesel (No. 2) Compressed 
Natural Gas CNG) 
Electricity 
Fuel Material 
(Feedstocks) 
Crude Oil Crude Oil Underground 
reserves 
Coal, nuclear, 
natural gas, 
hydroelectric, and 
small percentages of 
wind and solar 
Gasoline Gallon 
Equivalent 
(GGE) 
100% 1 gallon of diesel 
has 113% of the 
energy of one gallon 
of gasoline. 
5.66 pounds or 
126.67 cu. ft. of 
CNG has 100% of 
the energy of one 
gallon of gasoline.
1 
33.70 kWh has 
100% of the energy 
of one gallon of 
gasoline. 
Energy Content 
(Lower heating 
value) 
116,090 Btu/gal 
3 
128,450  
Btu/gal 
3
 
20,268  
Btu/lb 
1,3 
3,414  
Btu/kWh 
Energy Content 
(Higher heating 
value) 
124,340 Btu/gal 
3
 137,380  
Btu/gal 
3
 
22,453  
Btu/lb 
1,3
 
3,414  
Btu/kWh 
1
 Due to the infinite temperature and pressure combinations of gaseous fuels and their effect on fuel density, ft3 
units are not given. Most of these fuels are dispensed by Coriolis flow meters, which track fuel mass and report fuel 
dispensed on a "gallon of gasoline-equivalent" (GGE) basis. 
2
 E85 is a high-level gasoline-ethanol blend containing 51% to 83% ethanol, depending on geography and season. 
Ethanol content is lower in winter months in cold climates to ensure a vehicle starts. Based on composition, E85's 
lower heating value varies from 83,950 to 95,450 Btu/gal. This equates to 73% to 83% the heat content of gasoline. 
3
 Greenhouse Gases, Regulated Emissions, and Energy Use in Transportation (GREET) Model, version 1.7. 2007. 
Input Fuel Specifications. Argonne National Laboratory 
.
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